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THE features of the Grand Cafion of the Colorado and its 
varied illustrations of river erosion first began to be appre- 
ciated after the descriptions and views given in the Report of 
the Expedition under Lieutenant J. C. Ives in 1857-58, with 
which Professor J. S. NEWBERRY was associated as Geologist. 
Major PowELt’s Reports and the photographs made by the Ex- 
pedition under his direction added greatly to our knowledge 
and appreciation of the facts, making accepted truth of what 
had seemed to many to be almost beyond belief. 

Captain Durron’s Report, just now published, still further 
illustrates the features of the region, portraying the magnifi- 
cence of its various parts by remarkably effective views and 
word-pictures, besides describing its geological structure and 
history. In the course of the latter the author takes the 
reader on several excursions through the Grand Cafion among 
the castellated and cathedral-like peaks and ridges two to five 
thousands of feet in height which stand over its bottom and 
project from its deeply alcoved borders; and gives explana- 
tions along the way with regard to the peculiar features of the 
different rocks, the water-sculpturing process, the long and 
profound faults of the region, the many volcanic cones and 
outflows, and the era and extent of the great erosion. 

These several topics are further discussed in separate chap- 
ters, treating of the physical history and evolution of the 


* This notice has been prepared from advance sheets placed in the hands of 
the writer by the author. 
Am. Jour. Sc1.—Tuirp Series, VoL. XXIV, No. 140.—Avevust, 1882, 
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various cajions of the district, their excavation, and the origin 
of special details. 

In a previous Report on the High Plateau District of Utah, 
published in 1880, Captain Dutton had described with like 
fulness the country immediately north,* and the two Reports 
relate really to different parts of the same great plateau area. 
Between the parallels of 40° and 40° 30’, the Great Salt Lake 
comes to its southernend. Just east, in the same latitude, the 
Wasatch Mountains, rising in points to 138,000 feet, begin their 
north-and-south course. Farther eastward are spread out the 
tamer Uinta Mountains, a great plateau, 150 miles from east 
to west, and averaging 10,000 to 11,000 feet in height, yet 
reaching at one place a height of 13.694 feet. To the south, 
below the parallel of 40°, the Wasatch range falls off into the 
“ High Plateaus” of Southern Utah, the Wasatch, Pavant, 
Awapa, Aquarius, Paunsagunt and Markagunt plateaus, rang- 
ing from 10,000 to 11,600 feet in height, which are the subject 
of the former Report. These plateaus have together a length 
from north to south of 175 miles, with a breadth of 25 to 80 
miles, Eocene beds, of lacustrine origin, are widely distributed 
over the summits with also extensive streams of trachytic and 
basaltic lavas of still later origin; and Cretaceous, Jurassic, 
Triassic, Permian and Carboniferous rocks come to view sue- 
cessively on descending into the intersecting gorges or valleys. 

Passing south and sovtheast of the southernmost of these 
High Plateaus, the Markagunt and the Paunsigunt, a series of 
great steps commences leading down, over successive clifis and 
broad plateaus, from the Eocene table-land of the summit to, 
finally, the depths of the Grand Caion—and with the account 
of this majestic “ stairway” the new Report begins. 

These successive steps to the cafion, along with the plateaus 
below them, cover a region on the north side of the river 
averaging 75 miles in breadth. The plateaus which this border 
area of the Grand Cajion include, beginning to the eastward, 
are the Kaiparowits, Paria, Kaibab, Kanab, Uinkaret, and 
Sheavwits plateaus. 

The first step down from the Eocene of the summit is over 
Cretaceous rocks, for 4000 to 50U0 feet—a vast series of sand- 
stones and shales, of pale yellow and light brown to gray 
shades, rather brilliant in effect. The Kaiparowits plateau, the 
easternmost, is wholly Cretaceous at top, almost to the margin 
of the Colorado; and similar Cretaceous mesas cover nearly 
all northeastern Arizona and reach indefinitely eastward. The 
second step downward is over the Jura-'l'rias—first a descent 
of 300-500 feet over red shales with fossiliferous calcareous 
layers containing Jurassic fossils; then a great stratum of 


* See for a notice, vol. xx, p. 63, 1880. 
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white sandstone, conspicuous for its cliffs and its massive 
architectural projections with few horizontal lines, a marked 
feature in the landscape along the Virgen. Below the “ White 
Cliffs” come the “ Vermilion Cliffs” of the Trias, mostly 1200 
to over 2000 feet in height, generally thin-bedded, often pre- 
senting southward ‘a majestic front richly sculptured and 
blazing with gorgeous colors.” The Paria plateau consists of 
the Trias at top. Below the Trias, and in some parts making 
the lower step of the great stairway, lies the Permian, consist- 
ing of evenly bedded sandy shales with thin layers of lime- 
stone, of deep and rich coloring—often chocolate, purple, 
red-brown between horizontal patches of violet, lavender and 
white. 

Below all these, lies the Carboniferous. It is the floor of 
all the plateaus above enumerated except the two eastern, the 
Paria and Kaiparowits: and covers also a wide region south 
of the Colorado at the same level. 

The thickness of rock passed over in descending from the 
top of the Eocene of the High Plateaus to the Carboniferous is 
5000 to 6000 feet. But the Eocene thickens toward the Uinta 
Mountains to 4000 and 5000 feet, making the whole thickness of 
the formations overlying the Carboniferous about 10,000 feet. 
The Carboniferous has a small dip to the northward. The 
overlying beds partake of this dip in some degree, especially 
at their free southern borders, The beds thin somewhat to the 
eastward and most markedly so the Triassie in contrast with 
the Tertiary which thicken in that direction. 

The Grand Cafion, 5000 to 6000 feet in depth, is cut out of 
the Carboniferous and lower formations, the Carboniferous 
miniking 4000 to 4500 feet of the whole, and the Archean, 
with in some parts Silurian and Devonian strata, constituting 
the rest. The higher beds of the Carboniferous for 700 to 
750 feet are of limestone; next below are red and gray sand- 
stones and shales for 1000 to 1500 feet; and again below, for 
1800 feet, mostly limestones, with other sandstones under- 
neath. 

The channel of the cafion has (1) an upper portion or story 
which is 4 to 5 miles wide, and about 2000 feet deep, and (2) 
an inner chasm cut through the floor of the upper to a depth 
of 3000 feet or more. The lofty walls of the upper portion, 
set back 2 to 3 miles from the profounder chasm and stretch- 
ing along interminably (more than 100 miles), up and down, 
the stream from east to west, are wonderful in architectural 
features, and add immensely to the grandeur of the landscapes. 
The so-called inner chasm is not a narrow cleft with perpen- 
dicular walls, and a slender strip of water half hid away in the 
dark depths. It has nowhere a width less than its depth and 
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is generally of much greater width; and over part of the broad 
area are crowds of mountain towers and temples, 3000 to 5500 
feet in height, with combinations of amphitheatres, alcoves, but- 
tresses and towers along the sides: and all is open to the sun- 
light. 

The scenic effects of the out-cropping formations depend 
greatly on the horizontal bedding; but also largely on the 
unequal spacing of the beds, the variations in hardness tending 
to make cliffs to alternate with taluses, at longer or shorter 
intervals; and on the diversities in shade and brillianey of color- 
ing. The architectural forms, though on a mountain scale, are 
literally architectural, and different in type for the different 
formations. \We quote afew paragraphs from the descriptive 
part of the Report. 


“Each of the greater sedimentary groups of the terraces, from 
the Eocene to the Permian inclusive, has its own style of sculp- 
ture and architecture; and it is at first surprising and always 
pleasing to observe how strongly the several styles contrast with 
each other. The elephantine structure of the Nile, the Grecian 
temples, the pagodas of China, the cathedrals of western Europe, 
do not offer stronger contrasts than those we successively en- 
counter as we descend the great stairway which leads down from 
the High Plateaus. As we pass from one terrace to another the 
scene is wholly changed: not only in the bolder and grander 
masses which dominate the landscape, but in every detail and 
accessory ; in the tone of the color-masses, in the vegetation, and 
in the spirit and subjective influence of the scenery. Of these and 
many strong antitheses, there is none stronger than that between 
the repose of the Jura and the animation of the Trias. 

“The profile of the Vermilion Cliffs is very complex, though 
conforming to a definite type and made up of simple elements. — It 
consists of a series of vertical ledges rising tier above tier, story 
above story, with intervening slopes covered with talus, through 
which the beds project their fretted edges. The stratification is 
always revealed with perfect distinctness and is even emphasized 
hy the peculiar weathering. Northwestward of the southern 
promontory at Pipe Spring, the cliffs steadily increase in grandeur 
and animation, and also assume new features. Near the summit 
of the series is a very heavy stratum of sandstone, which is every 
where distinguishable from the others. This member is seen at 
Kanab with a thickness of about 200 feet. It increases westward, 
becoming 400 feet at Pipe Spring. Beyond that it still increases, 
reaching a thickness of more than 1200 feet in the valley of the 

"Virgen, It has many strong features, and yet they elude descrip- 
tion. One point, however, may be seized upon, and that is a 
series of joints nearly vertical with which the mass is every where 
riven. The fissures thus produced have been slowly enlarged by 
weathering, and down the face of every escarpment run the dar 
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shadows of these rifts. Thev reach often from top to bottom of 
the mass and penetrate deeply its recesses. Wherever this great 
member forms the entablature—and west of Pepis Spring it usu- 
ally does so—its crest is uneven and presents towers and but- 
tresses produced by the widening of these cracks. Near Short 
Creek it breaks into lofty truncated towers of great beauty and 
grandeur, with strongly emphasized vertical lines and decorations, 
suggestive of cathedral architecture on a colossal seale. Still 
loftier and more ornate become the structures as we approach the 
Virgen, At length they reach the sublime. The altitudes increase 
until they approach 2000 feet above the plain. The wall is recessed 
with large amphitheatres, buttressed with huge spurs and decora- 
ted with towers and pinnacles. Here, too, for the first time, along 
their westward trend, the Vermilion Cliffs send off buttes. And 
giant buttes they verily are, rearing their unassailable summits 
into the domain of the clouds, rich with the aspiring forms of 
Gothic type, and flinging back in red and purple the intense sun- 
light poured over them, 

* As we moved northward from Short Creek, we had frequent 
opportunities to admire these cliffs and buttes.” 
“In an hour’s time we reached the crest of the isthmus, and in 
an instant there flashed before us a scene never to be forgotten— 
that of the temples and towers of the Virgen, At our feet the 
surface drops down by cliff and talus 1200 feet upon a broad and 
rugged plain cut by narrow cafons. The slopes, the winding 
ledges, the bosses of projecting rock, the naked, scanty soil dis- 
play colors which are truly amazing. Chocolate, maroon, purple, 
lavender, magenta, with broad bands of toned white, are laid in 
horizontal belts, strongly contrasting with each other, and the 
ever-varying slope of the surface cuts across them capriciously, so 
that the sharply defined belts wind about like the contours of a 
map. From right to left across the farther foreground of the pie- 
ture stretches the inner cafon of the Virgen, 900 feet in depth and 
here of considerable width. Its bottom is for the most part un- 
seen, but in one place it is disclosed by a turn in its course, show- 
ing the vivid green of vegetation, Across the cafon, and rather 
more than a mile and a half beyond it, stands the central and 
commanding object of the picture, the western temple, rising 4000 
feet above the river. Its glorious summit was the object we had 
seen an hour before, and now the matchless beauty and majesty 
of its vast mass is all before us; yet it is only the central object 
of a mighty throng of structures wrought up to the same exalted 
style, and filling up the entire panorama, Directly in front of us 
a complex mass of white towers, springing from a central pile, 
mounts upward to the clouds. Out of their midst, and high over 
all, rises the dome-like mass of the temple which dominates the en- 
tire landscape. It is almost pure white, with brilliant streaks of car- 
mine descending its vertical walls. The towers which surround it 
are of inferior mass and altitude, but each of them is a study of 
fine form and architectural effect. They are white above, and 
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change to a strong, rich red below. Dome and towers are planted 
upon a substructure no less admirable. Its plan is indefinite, but 
its profiles are perfectly systematic. A curtain wall, 1400 feet 
high, descends vertically from the eaves of the temples, and is sue- 
ceeded by a steep slope of ever-widening base-courses leading down 
to the esplanade below. The curtain wall is decorated with a lav- 
ish display of vertical mouldings, and the ridges, eaves, and mitred 
angles are fretted with serrated cusps. This ornamentation is 
suggestive rather than precise, but it is none the less effective. 
It is neither repetitive, nor symmetrical. But though exact sym- 
metry is wanting, nature has here brought home to us the truth 
that symmetry is only one of an infinite range of devices by which 
beauty can be materialized.” 


The illustrations of the report, both in the text and atlas, are 
admirable, and more than sustain the author's descriptions. 
Those from the drawings of Mr. Holmes are like photographs 
in accuracy of detail and aerial effect. Plate IV 1s a reduced 
copy of a plate in the text, representing ‘“ Vishnu’s Temple,” 
one of the architectural masses in the Cafion south of the 
Kaibab plateau, having a height from its base of 5500 feet. For 
others, and a continuation of the descriptions of this region of 
nature’s architectural marvels, the reader is referred to the 
report itself. 

The following are some points in the geological history of 
the region which the report brings out: 

While Silurian and Devonian rocks (the latter paleontologi- 
eally identified in the Kanab Cafion by Mr. Walcott) occa- 
sionally oceur, the Carboniferous, for the most part, rests 
directly on the Archean. Between the Carboniferous and the 
underlying Paleozoic beds there is always unconformability, 
both through the greater or less dip of the latter and the ero- 
sion of the surface; and the same is true through the Sierra 
country of central and western Arizona, and of Nevada and 
western Utah. But from the bottom of the Carboniferous to 
the top of the Cretaceous the beds are one continuous conform- 
able series. The beds of this long range appear to have been 
deposited horizontally : the thick lower limestone of the Car- 
boniferous was probably made in moderately deep water, and 
the rest of the formations—mostly sandstones and shales—near 
mean-tide level, as proved by ripple-marks and other evi- 
dences. From this fact is drawn the important conclusion that 
a gradual subsidence was taking place as the depositions went 
forward; and since the Cretaceous contains lignitie or coal- 
bearing beds throughout, and at short intervals alternating in 
the upper part with brackish-water instead of marine beds, it 
is inferred that there were alternations of emergence and sub- 
mergence going on during its progress also, ending finally in 
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widely-extended estuary and terrestrial conditions. The Cre- 
taceous seas probably stretched across from the Gulf of Mexico 
to the Pacific, with interruptions only of narrow emerged 
areas—that of the Great Basin being one of these, and another 
in Arizona. Between these two areas, or along the parallels of 
34° and 37°, ‘“‘we can now travel from the Mississippi to the 
Pacifie without being at any time more than fifty miles dis- 
tant from some known mass of Cretaceous beds; and “every 
indication we now have raises a presumption in favor of a 
complete connection.” The distance is nearly 2,000 miles. 

“At the close of the Cretaceous, important vertical move- 
ments were inaugurated, and around the borders of the Pla- 
teau province some important flexures were generated.” This 
epoch, the close of the * Lignitic” or “ Laramie” formation, 
was that, it is supposed, of the making of the Wasatch Moun- 
tains. A great area, from the Aquarius plateau to the Colo- 
rado, must have been denuded at this time of the Cretaceous, 
so that the Tertiary over it was laid down on the Jurassic 
beds; and similar facts occur at other points indicating that 
‘the Cretaceous closed amid important disturbances. Still the 
deposition of strata was not ended.” The depositions of Eocene 
beds went forward in fresh waters until 1200 to 5,000 feet of 
strata were added to the series, the facts showing that a single 
lake extended from the Uinta Mountains southward over the 
Plateau region; that the elevation was sufficient, and suffi- 
ciently persistent to make great lake-basins; and evincing, 
also, since the beds are successively of shallow water origin, 
that, as before, a subsidence was going on over the Eocene 
lake region to as great a depth as the thickness of the beds. 
The earlier subsidence had been greatest in the line of the 
Wasatch Mountains; the later was most so farther to the north- 
eastward, in the region of the Uinta Mountains, where Eocene 
beds have a thickness of 5,000 feet and the great Eocene lake 
made its final disappearance, only the lower Eocene occurring * 
over the Plateau District. 

The Miocene depositions followed, but it is difficult to find 
“in this district any epoch separating the later Eocene from 
the Miocene; and of the Pliocene nothing is known from any 
beds or fossils. Both eras were no doubt eras of gradual 
emergence; at the close of the Miocene an uplift took place of 
probably 2,000 to 8,000 feet, and at or near the close of the 
Pliocene a greater upheaval of 3,000 to 4,000 feet.” 

The making of the great north-and-south faults of the pla- 
teau region—tirst described by Powell—some of which extend 
northward over the region of the “ High Plateaus” far toward 
the Wasatch Mountains, began, according to the author, at the 
close of the Miocene, and went on for some of them during the 
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Pliocene. Among them the largest is the Hurricane fault, fol- 
lowing the west side of the Uinkaret plateau, along which the 
displacement in the south wall of the Grand Canon is 1500 
feet; and farther north, near the Virgen River, 6,600, it mak- 
ing the Hurricane bluff 1200 to 1600 feet—ten miles farther 
north probably over 12,000 feet, the Eocene being on one side 
and the Carboniferous on the other—that is, if, as is probable, 
the Permian and Mesozoic beds, which there are now absent, 
were once in the series as they are elsewhere; and, farther 
north, it extends into Utah, along the west side of the Markd- 
gunt plateau and the southwest flank of the Tushar range, 
where it finally ends its course of 200 miles beneath great lava 
floods. Anotheris the Kaibab fault which outlines the Kaibab 
plateau on the west, and extends to the northward about as 
far as the Hurricane fault. The Kaibab fault is referred to the 
Pliocene and the Hurricane to later Pliocene. 

The numerous volcanic cones and wide spread streams of 
lavas add greatly to the geological interest of the region. They 
cover much of the Uinkaret plateau, and descend from it for 
1500 to 2000 feet into the upper portions of the Grand Cation, 
and thus prove that the eruptions took place after the great 
faulting and after a large part of the erosion. But beyond this, 
some of the streams make a further plunge to the depths of the 
canon; and in places over the bottom also there are cones and 
widely spread sheets of lavas. The Miocene, or its close, was 
the era of the earlier volcanic out-flows; but a large part were 
of Pliocene date; and some are of quite recent time, their 
scoriaceous lavas looking as if of recent ejection, perhaps dating 
but a few centuries back. 

In the history of the erosion, Captain Dutton observes that 
the first channeling along the line of the Grand Cafion occurred 
in the early Tertiary or at the close of the Cretaceous. The 
removal of Cretaceous beds that once covered the borders of 
the Colorado Cafion south of the Aquarius plateau, leaving a 
surface of Jurassic beds, was part of the earlier erosion. The 
emergence was smal! in the Eocene, the climate moist, and, 
during its latter part “the degrading forces no doubt made 
progress in removing the Mesozoic deposits that originally 
covered the region ;” and this work went on through the Mio- 
cene, completing nearly the denudation of the Tertiary, Creta- 
ceous and Jura-Trias; that is, sweeping off large parts of these 
upper formations down to the Permian. The cutting of the 
Grand Cafion through the Carboniferous is stated to have gone 
on after the uplift closing the Miocene; at this time “ the outer 
chasm of the Grand Cafion was cut” through the Permian and 
the upper part of the Carboniferous, and although it must at 
first have been narrow, it finally reached a width of some miles. 
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Then after another rise, “most probably near the close of the 
Pliocene,” “the faults increased their displacement, the vol- 
‘“anie vents reopened,” and the Colorado River resumed the 
operation of sinking its channel; and, as time went forward it 
made the inner chasm with all its grand features. The erosion 
mide quite rapid progress owing to the high pitch given the 
surface by the new elevation; it has now almost ceased, the 
river having nearly reached a level of slight change by erosion 
or what is here called its base-level,—a base-level nearly for 
the stream at the present state of elevation of the land and 
ordinary annual floods. Captain Dutton observed that the 
Glacier period intervened between the Pliocene and the present 
time—a rainy rather than an icy era for that district— increasing 
the depth of the Cafion and making some new channels; but, 
he adds—limiting the effects more than some others might do, 
in view of the fact that the head waters of the Colorado drain 
the wide mountain region of the Rocky mountain summit for 
a breadth from north to south of more than 800 miles,— 
“The Glacial period appears to have been of too brief duration 
to have achieved any very great results in this district.” 
J.D. 


Art. X.—The relative Temperatures of the two Hemispheres 
of the Earth; by WILLIAM FERREL. 


Iv was once thought, and the idea still prevails almost uni- 
versally, that the southern hemisphere of our globe is colder 
than the northern. This first arose from the comparison of 
Dove's thermal charts for the two hemispheres. The observa- 
tions upon which that of the southern hemisphere was based 
extended only as far south as the parallel of 40° S. The com- 
parison, therefore, between the two hemispheres could be made 
for the portions only between the equator and the parallels of 
40°, and so far as this comparison extends, the mean tempera- 
ture of the southern is really greater than that of the northern. 
It was, however, first suggested by Dove, and rendered still 
more probable by the researches and theoretical considerations 
of Hopkins, Sartorius von Waltershausen, Forbes and others, 
that the conditions may be reversed in the higher latitudes, 
and the mean temperature there be greater in the southern 
hemisphere than in the northern. 

With a view of settling this question, and that of the 
equality or inequality of the mean temperatures of the two 
hemispheres, Dr. Hann of Vienna* has recently undertaken a 


* Ueber die Temperature der siidlichen Hemisphire. Sitzb. der k. Akad. der 
Wissensch., B. Ixxxv, 1882. 
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new discussion of the subject, availing himself of all the more 
recent observations made in the lower latitudes of the southern 
hemisphere, especially of those made by the Venus expeditions 
to the islands of Kerguelen, Auckland and St. Paul. With 
the aid of these additional observations he obtained as an ex- 
pression of the mean temperature of the southern hemisphere, 
In centigrade degrees, 
T=26°'0+6°°94 sin p—42°28 sin? p 


in which ¢ is the latitude. 

By the integration of the temperature, given by this expres- 
sion, over the whole surface of the hemisphere, the average is 
found to be 15°-4. From a comparison of this with the result 
obtained by the writer* for the northern hemisphere, 15°°3, 
Dr. Hann concludes that the mean temperatures of the two 
hemispheres are probably exactly the same. 

Using exclusively only ocean stations of observation, he ob- 
tained, instead of the expression above, the following : 

T=26°'0+10°°03 sin p—47'13 


From this expression the mean temperature of the southern 
hemisphere was found to be 15°-2, very nearly the same as 
found from the other 

The comparison of the temperatures, given by the first of 
the preceding formule for the several latitudes, with those 
obtained by Forbes for the northern hemisphere, is as follows: 


Latitude, 40° 45° 50° 55° 60° 
S. hemisphere, 13°0 65 0°3 
N. hemisphere, 13°6 97 5°8 2°3 
Difference, —O0'6 +0°1 +15 


It is seen from these differences that, at about the parallel of 
45°, the southern hemisphere begins to be warmer than the 
northern, and as Dr. Hann now considers the temperatures at 
the latitudes 40° to 50° to be pretty well determined, he thinks 
it leaves the result with scarcely a doubt. It seems, therefore, 
to be now well established that, although the temperatures of 
the lower latitudes of the southern hemisphere are less than 
those of the same latitudes of the northern hemisphere, yet it 
is the reverse in the higher latitudes, and that there is no sen- 
sible difference between the mean temperatures of the two 
hemispheres, 

The reason of this becomes clear when we consider that if 
the surface of the earth were all land, the difference between 
the temperatures of the equatorial and polar regions would be 
much greater than if the whole surface were water. In the 
former case there would be no transfer of heat by means of 


+ Meteorological Researches, Part I; U.S. Coast Survey Report, 1875. 
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ocean currents from the equator toward the poles, while in 
the latter the well-known gradual interchange of water between 
the equatorial and polar regions, arising from a difference of 
temperature, conveys a great amount of heat from the former 
to the latter, diminishing the temperature in the lower latitudes. 
and increasing it in the higher ones. It has been estimated 
that the heat trausferred from the torrid zone to higher lati- 
tudes by the Gulf Stream alone amounts to about one-twelfth 
of all the heat received by the earth from the sun between the 
equator and the tropic of Cancer, and that transferred by the 
Kuro-siwo to more than twice as mach more. If all the heat 
received by the torrid zone had to be disposed of by radiation 
back into space, of course the temperature there would be 
higher, since by the law of radiation, where greater radiation 
is required, there must be a higher temperature of the radiating 
surface. On the other hand, if no heat were received in the 
polar zone, or higher latitudes, except that received directly 
from the sun, the temperature at which the radiating surface 
would have to stand to dispose of the heat received would be 
less. We see the effect upon temperature of this transfer of 
heat from equatorial to polar regions in the relative mean tem- 
peratures of land and water in the northern hemisphere. In 
the lower latitudes mean ocean temperatures are lower, and in 
the higher latitudes greater, than on land. And the differences 
would be still greater, if much of the heat conveyed by ocean 
currents to the higher latitudes were not transferred to the 
land by the general eastward motion of the air in those lati- 
tudes, 

Since the amount of transfer of heat from equatorial to polar 
regions must be somewhat in proportion to the amount of 
ocean surface, the amount of this transferrence must be greater 
in the southern than in the northern hemisphere. Hence the 
difference between the mean temperature of the equatorial and 
polar regions must be less in the southern than in the northern 
hemisphere. If the mean temperatures of the two hemispheres 
are equal, as has been shown, it is readily seen that the effect 
of this must be to make the temperature of the lower latitudes 
colder, and that of the higher latitudes warmer, in the southern 
hemisphere than in the northern. 

It is well known that the annual amount of heat received 
from the sun by each hemisphere is precisely the same. A 
number of hypotheses have therefore been devised to account 
for the supposed difference of temperature between the two 
hemispheres. Poisson supposed it was due to the greater heat- 
absorbing power of land than of water, which, on account of 
the greater proportion of land in the northern than in the 
southern hemisphere, would cause the temperature of the 
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former to be a little the greater. But if the principle of the 
equality of the absorbing and radiating powers of all bodies is 
true, which is generally conceded, thus a greater absorbing 
power, if it is accompanied by a proportionately greater radiat- 
ing power, cannot give rise to a higher temperature, and to 
account for any difference in the temperatures of the two hemis- 
pheres, it would be necessary to suppose that the absorbing 
and radiating powers are different, either in a land-, or in a 
water-surface, or in both. 

The establishment, therefore, of the equality of the mean 
temperatures of the two hemispheres seems to confirm the 
principle of the equality of the absorbing and radiating powers 
of bodies, since this seems to be the case with regard to water, 
and land with all its variety of surface. If this were not true 
for any considerable part of the earth’s surface, it would affect 
the equality of the mean temperatures of the two hemispheres. 


ART. XI.—An Air-thermomeler whose indications are independ- 
ent of the Barometric Pressure; by ALBERT A, MICHELSON. 


THE appearance of an abstract of a paper by Pettersson* on 
a new air-thermometer, has led me to publish, sooner than I 
had contemplated, a notice of an instrament far simpler and 
more manageable than that which is there described, and which 
likewise retains the important advantage of giving indications 
which are independent of the external pressure. 

The instrament consists of a glass bulb and stem, the former 
about 40™ and the latter about 2™" in interior diameter. The 
bulb contains dry air at a pressure of about 100™ of mercury, 
and this air is separated from the upper portion of the tube by 
a column of mercury about 100™ in length. The mercury 
remains above the air, notwithstanding the large diameter of 
the bore, owing to the resistance to deformation: of the 
meniscus. The space above the mercury is a vacuum. 

Thus the pressure of the air in the bulb is constant and is 
equal to that of the column of mercury above it. If the bore 
of the stem is not of uniform section the length of the column 
will change—but this length is easily read off and gives at once 
the true pressure. 

The pressure need not be limited to 100™™, but if it be much 
greater the instrument becomes inconveniently long. 

The only precaution to be observed, beyond what is used in 
an ordinary mercury thermometer, is that the stem must be 
kept vertical. 

Case School of Applied Science, } 

Cleveland, O., July 5th, 1882. 

* Annalen der Physik und Chemie (Beiblatter), No. 5, 1882. 
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Art. XII.—The Bearing of some Recent Determinations on the 
Correlation of the Eastern and Western Terminal Moraines ; 
by Professor T. C. CHAMBERLIN. 


For several years a group of geologists of the interior have 
been engaged in tracing out an extensive range of terminal 
moraines. This may be said to have become a definitely 
organized movement, and to have already accomplished, so far 
as the interior is concerned, its main purposes, though many 
details remain to be worked out. The character and brevity 
of this note forbid any attempt to set forth in detail the 
respective parts played by the different investigators who 
have contributed to this work. Ina paper entitled, “On the 
Extent and Significance of the Wisconsin Kettle Moraine,” 
presented to the Wisconsin Academy of Sciences, in February, 
1875 (printed in 1878), the writer attempted to collate and 
duly accredit everything published at that time having any 
specific bearing on the subject, whether definitely recognized 
as such by the authors or not. ‘To a considerable extent the 
correlation and interpretation of the investigations of others 
were based upon personal visitation of characteristic and sig- 
nificant portions of the formation in the seven interior States 
traversed by the moraine. Of the much more considerable 
work which has been done since, the writer hopes to find an 
early opportunity to speak fully. 

The result of these investigations has been the determination 
of a morainie belt of extraordinary extent and character. It 
traverses portions of Ohio, Indiana, Michigan, Illinois, Wiscon- 
sin, Minnesota, Iowa and Dakota, and extends a distance, as 
yet undetermined, into the British Possessions. Presumably it 
crosses the continent. It will be convenient to speak of this as 
a single moraine, though in reality it is a complex range, 
formed of two principal and one or more subordinate morainic 
ranges, which sometimes coalesce ‘and sometiines separate, so 
as to embrace a belt twenty or thirty miles in width. 

It is important to our present purpose to observe three 
salient facts that characterize it. 

1. Instead of pursuing a somewhat direct course across the 
country it ¢s disposed in large loops which have for their axes the 
great valleys of the interior. These loops represent the margins 
of great glacial lobes that fringed the greater ice-sheet of the 
north. Of the ten great lobes now determined, one occupied 
each of the following valleys, viz: of the Dakota River, of the 
Minnesota River, of the western projection of Lake Superior, 
of the Chippewa River, of Green Bay, of Lake Michigan, of 
Saginaw Bay, of the Maumee, of the Scioto, and of the Grand 
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River, the special interest of this discussion attaching to the 
last. 

2. The moraine does not lie upon the margin of the glaciated 
area, but is distant from it at considerable, though varying 
distances. 

3. The moraine marks a second glacial advance separated from 
the former by a considerable interval of time. From the consider- 
ation of several distinct lines of evidence, the impression has 
been gained that the interval which separated the earlier from 
the later glaciation, was equal to, or greater than, that which 
has elapsed since the latter. But the correctness or otherwise 
of this is unimportant to our present purpose. 

Somewhat later a similar attempt was made by eastern geol- 
ogists to trace out an analogous moraine in the coast region. 
‘The result of their investigations was the determination of a 
massive morainic belt traversing northern New Jersey, the 
entire extent of Long Island, and the smaller islands lying to 
the eastward, striking the Atlantic on the peninsula of Cape 
Cod. Concerning this it is likewise essential to note two char- 
acteristics and a negation, 

1. Unlike the western moraine, it ts not disposed in conspicu- 
ous loops, as now delineated. This is the more to be remarked, 
since the surface inequalities of the region lying north of it are 
greater than those of the interior. 

2. This moraine marks the southern limit of the drift-sheet. 

3. It has not yet been determined whether this moraine rep- 
resents the limit of the earlier or later glacial advance. 

Notwithstanding their differences, the characteristics of the 
eastern and western moraines are so strikingly similar, that 
their tentative correlation as portions of a single moraine pre- 
sented itself on the first appearance of Professor Cook's results, 
and was given expression to in the paper above cited. The 
correct correlation of these moraines and the decisive deter- 
mination as to whether the coast member belongs to the earlier 
or later period of glaciation. are manifestly questions of great 
interest, and the purpose of this paper is to make a prelimi- 
nary contribution toward their solution. The hypothesis of 
their unity is somewhat strengthened by the fact that thus far 
no similar moraine has been traced along the margin of the 
drift in the interior. It may be, however, unsafe to assume 
the absence of such moraine until the region shall have been 
critically examined with especial reference to this question. 

During the past year Professors Lewis and Wright, of the 
Pennsylvania Survey, have been engaged in tracing a marginal 
moraine from the western terminus of the New Jersey range, 
across Pennsylvania. Their results are not yet published, and 
will be awaited with interest. 
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Meanwhile the investigations of the writer, which have been 
pursued, though with considerable interruption arising from the 
pressure of other duties, since 1878, have developed some evi- 
dence having an important bearing on the correct correlation 
of the eastern and western moraines. In the paper above 
referred to attention was called to the fact that, while in the 
immediate Mississippi valley the kettle moraine lies some hun- 
dreds of miles back from the drift margin, in Ohio it 
approaches it much more closely, and this fact was adduced in 
support of the presumption that the kettle moraine might 
become marginal to the drift area somewhere farther east. 

In the reports of the geological survey of Ohio a series of 
peculiar drift accumulations, consisting largely of gravelly hills, 
are described as occupying the water-shed between the Ohio 
and Lake Erie. The identification of these with the kettle 
moraine made* on the basis of the descriptions of the several 
geologists who have taken account of them, interpreted in the 
light of some personal observation, is in the main confirmed by 
further investigation. But, whatever may be true of the 
kame-like gravelly hills, the course of the moraine diverges 
quite widely from the summit line of the water-shed. In con- 
formity to its habit, it is disposed in loops, one of which has for 
its axis the Maumee valley, another the Scioto, and a third, in 
eastern Ohio, with which we are more especially concerned, 
the Grand River valley. It is worthy of note that these axes 
correspond to the three hydrographic sections of Lake Erie, as 
marked by its surface outline, but more significantly by the 
soundings of the Lake Survey. 

The interest which attaches to the eastern loop in its bear- 
ing upon the correlation of eastern and western moraines lies 
in the fact that in its southern portion it constitutes the margin 
of the drift-bearing area. Its geography may be briefly 
sketched as follows: Beginning with the eastern marginal 
moraine of the Scioto lobe, in the southwestern corner of 
Stark Co., it pursues a north-northeasterly course to the north- 
ern part of Portage Co. In this portion, the moraine attains a 
more pronounced development than in adjacent regions, and 
has been made the basis of the descriptions and illustrations of 
Dr. Newberry + and Colonel Whittlesey.t In this it conforms 
to a law observed to be widely prevalent in its westerly exten- 
sion, viz: that the reéntrant portions lying between two glacial 
lobes have a stronger development, and are more especially 
characterized by the knob-and-basin features, and gravelly 
constitution, than those portions which were simply marginal 

* Paper cited, pp. 21-25. + Geol. Survey of Ohio, vol. ii, pp. 41-46. 

$On the Fresh Water Glacial Drift of the Northwestern States, Smithsonian 
Contributions, p. 6. 


96 Chamberlin— Correlation of Term inal Moraines. 


to the glacier. The northerly part of this belt is such an in- 
termediate moraine, forined between the Scioto aad Grand 
River glaciers. The moraine proper to the Grand River 
glacier diverges from this common intermediate one in the 
north central part of Stark Co., from which point it curves 
rapidly to the eastward, and passes into Columbiana Co. in 
West and southern Knox townships. Thence it passes east- 
ward in an undulating course through the northern portion of 
Columbiana Co., from which it enters Pennsylvania. The 
latter state being under investigation, the course of the moraine 
was not pursued by me further than to determine its general 
northeasterly direction and persistence. This latter portion 
marks the left hand margin of the glacial lobe. 

These determinations are thoroughly in harmony with, and 
bring into rational unity the interesting observations of Mr. 
M. C. Read,* on the direction of glacial striation in northeast- 
ern Ohio. Indeed my working hypothesis was based upon 
them. ‘These striations show a remarkable divergence from 
the axis of the Grand River valley toward the high lands that 
form its rim, and, as it proves, toward the margin of the glacial 
lobe that gave rise to them. This conforms to the law of di- 
vergent internal movement, first demonstrated by myself in 
respect to the Green Bay glacier, and since shown to be a gen- 
eral character of the glacial lobes of the interior, and will 
doubtless prove to be a uniform feature of glaciers deploying 
in an open country. That the southern extremity of this lobe 
reached the margin of the drift area is affirmed by the observa- 
tions of Dr. Newberry, on Columbiana Co.,¢ who asserts that 
the drift is confined to the northwestern portion of the county, 
and of Professor J. J. Stevenson on Carroll Co.,t who says 
that after diligent examination, no drift was found except a 
few doubtful specimens in the northeast, and that the boundary 
line of drift influence lies to the north and northeast of the 
county. 

The outer margin of the moraine, according to my determi- 
nation, approaches to within less than three miles of the 
northern line of Carroll Co., and I observed no apparent evi- 
dence of giaciation south of it. <A little farther east, however, 
drift was observed from three to four miles south of the ap- 
parent margin of the moraine. Whether this was furmed con- 
temporaneously with the moraine or during the earlier glacial 
epoch, seems to me uncertain, but the general fact that the 
moraine here reaches the essential limit of the drift-bearing 
area, is satisfactorily determined. This removes one of the 


* Geol. Survey of Ohio, vol. i, p. 531, 
+ Geol. Survey Ohio, vol. iii, p. 90. ¢ Ibid, p. 179. 
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apparent distinctions between the moraines of the coast and 
interior. 

While, however, this distinction has been removed, the re- 
maining one has been intensified, for it is shown that the lobate 
character of the glacial margin prevailed thus much farther 
east, and as that character is manifestly due to topographical 
features, it becomes a!l the more remarkable that in the more 
diversified region of the east, the glacial outline should become 
more nearly uniform and rectilinear, as determined by the 
geologists of that region. 

In New York, morainic accumulations identical in character 
with the class under consideration have an extensive develop- 
ment, but their relations and connections are not yet fully de- 
termined. ‘The more pronounced character of the topography 
manifestly made itself felt upon the margin of the ice, and 
gave rise to local modifications, and seemingly to independent 
local moraines that increase the difficulties of a safe interpreta- 
tion. But it is certain that, in part, the main morainic accu- 
mulations are considerably removed from the margin of the 
drift, and indicate that alternate divergence and approach may 
be found to characterize the region lying east of the point of 
first contact. In view of the fact that the wide separation in 
the Mississippi Valley is entirely closed in eastern Ohio, the 
suggestion that the later advance actually passed beyond the 
earlier in the coast region, may be worthy of entertaining as a 
‘working hypothesis. It may be further remarked that if there 
be alternating contact and divergence of the margins of the 
two glacial sheets, that a considerable belt lying back from the 
-drift limit requires investigation. 

In view of the further fact that the great moraine of the in- 
terior is found throughout the wide extent through which it 
has been traced, to be persistently disposed in loops, the pre- 
sumption of a similar outline, attended by reéntrant angles 
and intermediate moraines, ought only to be dismissed when 
found unsupported by evidence after diligent search. 

It is cone that the foregoing suggestions at this stage of the 
investigation, while yet final conclusions are unformed and 
opinions still plastic, may not be without service to the in- 
creasingly large number of workers in this somewhat new 
field. 


Am. Jour. Sc1.—Tuirp Series, VoL. XXIV, No. 140.—AvGust, 1882. 
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Art. XIII.—On the Flood of the Connecticut River Valley from 
the melting of the Quaternary Glacier ; by JAMES D. DANA. 


[Concluded from p. 373, volume xxiii. | 


6. The question as to the Elevation of the Land. 


THE remaining question in connection with the discussion 
respecting the Connecticut Valley during the era of the great 
flood is that relating to its apparent depression at the time: 
—Whether the change in pitch, which was proved to have been - 
a fact, was due to a change in land-level, or only to a change 
in sea-level. 

To understand the events of the Glacial era and that follow- 
ing and reason correctly on the facts, we should know which 
of these views is right, and, in order to know, take evidence 
from the region. 

Toward this end, we may first compare the requirements of 
an hypothesis which refers the change to a change in sea-level 
with the facts observed. If the facts do not accord with the 
demands of such an hypothesis, we are then free to adopt the 
other view—that the depression of the land was actual and 
not merely apparent. 

It should be understood, in advance, as a fact in terrestrial 
physics, that any rise in the ocean’s level increasing northward 
produced by a change in the position of the earth’s center of 
gravity would be,* effectively, a change (1) in the height of 
the land; and (2) a change in the pitch of its surface; and, 
New England, like the rest of the globe, being within the area 
so affected, it would be a change in pitch for the Connecticut 
Valley and the region around, as well as for the coast region. 
For, the ocean’s surface is the reference-plane of horizontality as 
well as elevation, and the attraction determining its level would 
affect not only the land adjoining but also all instruments used 
over it for obtaining horizontal or perpendicular lines. 

Only one source of a change in the position of the earth’s 
center of gravity has been suggested in this connection—that 
from the forming of a polar ice cap of great thickness, during 
a glacial era in one hemisphere or the other, as in the hypoth- 
esis of Adhemar, adopted by Croll and others, this cause lead- 
ing to an increased pole-ward accumulation of the oceanic 

waters in the ice-covered hemisphere. 

The following are among the facts bearing on this subject. 

(1.) There is no correspondence between the amounts of 
change deduced from observations and those required by the 


* Assuming that the earth is so far rigid that it would not suffer deformation— 
or a depression of the crust—from the weight of the ice resting on its surface. 


| 
| 
i 
q 
{ 
i 


J. D. Dana—F lood of the Connecticut River Valley. 99 


hypothesis. Since the amount of the apparent depression, 
that is, of the rise in the earth’s curving water-surface which 
would follow from such a change in the position of the center 
of gravity, would increase northward very nearly in the ratio 
of the sine of the latitude, it follows that if the amount at 
Montreal were 520 feet, as the facts reported show, they should 
have been about 507 feet at Lewiston, Maine, 491 feet at Point 
Shirley, Mass. (near Boston), and 480 feet along the north 
shore of Long Island Sound. But, instead of the amounts 
507, 491 and 480 feet, the actual levels observed are 200, 75 or 
80, and 25 to 15 feet.* 

Further, the hypothesis,— calculating again from the Mon- 
treal level, 520 feet,—would give hardly 730 feet for the region 
about the North Pole, and 720 for latitude 81° to 82°, or that 
of Grinnell Land and Northern Greenland; while in the latter 
region, Feilden and De Rance found sea-shells (Pecten Graen- 
landicus, Astarte boreale, Mya truncata, Saxicava rugosa, ed 
in beach-made deposits at different levels up to 1000 feet. 
But this is not all the divergence of the facts from Greenland 
terraces. For, in the part of Danish Greenland called Southern 
Greenland (between the parallels of 60° and 67° 40’), the part 
best known, no heights of terraces or elevated beaches have been 
reported above 350 feet. Dr. Rink, one of the Greenland ex- 
plorers as well as Government Inspector for many years of 
Southern Greenland, mentions, in his latest work on Danish 
Greenland (1877), the occurrence, in this part of the semiconti- 
nent, of terraces at a height of 100 feet, rising in some places 
to 200 feet, and nothing of higher level. Mr. A. Kornerup, 
Geologist of Lieutenant Jensen’s Expedition of 1878,¢ ob- 
served terraces at several points, and describes a series, near 
the parallel of 63° 10’ N., to the north of Fiskernaes, the 
highest of which was 101 ineters, and another in 63° 5’ N., of 
106 meters (348 feet) as the maximum height. Nordenskiéld, 
in connection with his exploration in the vicinity of Jakobs- 
havn, in 1870,§ observed shell beaches up to a height of 100 
feet near 69° 10’ N. Hayes, in his ‘Open Polar Sea,” _— (p. 
402) 110 feet as the height of terraces at Port Foulke, near 
78° 10’ N., north of Cape Alexander. Kane describes, in vol- 
ume ii of his Arctic Explorations (p. 80) a series of terraces in 
78° 40’, the highest of which was 480 feet above the sea. 
Three degrees in latitude north of the last region occur the 
beaches at 1,000 feet, mentioned above. The discrepancy is 

*The height of the beds at Point Shirley is made 75 or 80 feet by Professor 
Shaler in his recent quarto volume on Glaciers forming the first volume of his pro- 
posed “ Illustrations of the Earth’s Surface.” 

+ Quart. J. Geol. Soc., xxxiv, 563, 1878. 


Meddelelser om Grénland, 196 pp. 8vo, Copenhagen, 1879. 
Geol. Mag., 1872, p. 400. 
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thus increasingly great on going southward along the Green- 
land coast. 

Tt may be said that the facts from Greenland are only par- 
tially known; and, again, that a depression is now going on in 
Southern Greenland which has increased, and may have occa- 
sioned, the discrepancy. But, connecting them with the facts 
from the Atlantic borders in more southern latitudes, the evi- 
dence against the hypothesis is decisive. 

(2.) The idea of a polar ice-cap of the extent claimed is an 
assumption opposed to known meteorological laws and ob- 
served climatal facts. For the position of the region of maxi- 
mum ice would have depended very largely on that of the 
area of greatest precipitation ; and, as the writer, accordingly, 
some years since suggested,* and Mr. W. J. McGee has form- 
ally demonstrated,+ the ice would have diminished toward the 
pole as well as to the northwestward. The eastern ice-range, 
located in this way between the Atlantic Ocean and points not 
far west of the Winnipeg line of lakes, 1000 miles in width at 
base, presented an immense surface for condensing the moisture 
of the Atlantic winds and diminishing the amount carried north- 
ward, so that the ice in Greenland would have had hardly half 
the height of that to the southwest, and more northern polar 
regions still less ;—Mr. McGee’s calculations making the thick- 
ness in Greenland in 60° N., 5728 feet, and in 70° N., 2800 feet, 
while south and southeast of Hudson’s Bay on the Canada 
water-shed, it was probably not less than 12,000 feet. 

In accordance with these conclusions, the ice, at the present 
time, is reported by Arctic travelers to be less thick in the 
northern part of North Greenland than in the part to the south, 
and also in the lands west of Greenland than on Greenland 
itself. Messrs. Feilden and De Rance (loc. cit., p. 567) speak 
of the paucity of glaciers in Grinnell Land, lying just west of 
Greenland, stating that north of 81° N. on this more western 
land, no glaciers descend to the sea-level although they do on 
the coast opposite of Greenland, the situation of Greenland 
against the Atlantic rendering it a region of more precipita- 
tion than that to the west; and so it would have been under the 
more favorable conditions for precipitation of the Glacial era. 
As to the height of the Greenland ice in the Glacial era we have 
the observations of Mr. A. Kornerup, of Jensen’s Expedition, 
that, near the parallel of 64° N. about the Ameralik and Buxe 
fiords, there are glacial scratches at a height of 1260 meters 

*This Journal, III, v, 206, 1873, ix, 312, x, 385, 1875, xiii, 79, 1877, xv, 250, 
Ts dest Amer. Assoc., xxix, 1880, on Maximum Synchronous Glaciation ; a por- 
tion of which paper on the particular point above referred to is cited in vol. xxii, 
of this Journal, p. 264 (1881). Mr. MeGee gives for the thickness at 50° N. only 
8213 feet. t Loe. cit., pp. 109-113. 
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(4134 feet), a level almost 3000 feet above anv glaciers now 
in that vicinity, and near the parallel of 63° N., in the vicinity 
of Kuvnilik and Bjérnesund, at heights of 940 to 1100 meters 
(the latter 3609 feet); but none on the upper part of Nukag- 
piarsuak, northwest of Kuvnilik, whose height is 1520 meters 
(4987 feet). Mr. Kornerup also states that in the era of ex- 
treme glaciation when the glacier was 3000 feet higher than 
now, the movement of the ice was nearly east-and-west, but subse- 
yaad as the scratches at lower levels show, it followed the 

irection of the fiords or valleys :—a change evidently due to 
the thinning of the ice, the pitch of the upper surface being 
great enough when the glacier was at its maximum to cause 
ice to move independently of the courses of valleys or depres- 
sions beneath, and not so after the thickness had been much 
reduced. This fact had its parallel all over glaciated North 
America. 

(3.) In addition, the hypothesis makes the submergence of 
the Coast region (indicated by elevated beaches) to have taken 
place during the Glacial period, and to have passed its maximum 
in the height of the period; when, according to the facts, what- 
ever the condition in the Glacial era, the submergence was a 
promiment feature of the era when melting was going for- 
ward and the ice finally disappeared—the Champlain period. 
This point needs no special remark after the descriptions already 
given of the Connecticut River terraces, and the explanations 
in the following part of this paper. 

(4.) But the Glacial era was not for the higher latitudes 
generally one of /ess elevation in the land than now, and was 
probably one of somewhat greater elevation for large portions. 

The arguments in favor of such elevation I here briefly 
review, in order to test them by a reference to recent discoveries. 

(a) One of these arguments is based on the depth to which 
many river channels are excavated below the present bed of 
the stream. It has been strongly urged by Dr. Newberry and 
others. The facts supporting it have been drawn from New 
England and the States of New York, Pennsylvania, Ohio, 
Indiana, Illinois, Wisconsin, and from British America; and 
new cases are annually becoming known. The Pennsylvania 
Geological Report for 1881 by Mr. IL C. White, treating of 
Erie and Crawford Counties (among the western counties of 
the State), remarks that a boring for oil on French Creek, 
below Meadville, descended jor 285 feet through the drift; and 
another, in Conneaut Creek valley, 180 feet in drift; and in 
connection with his account of these and other cases, he speaks 
of it as a general fact that “the present water courses meander 
along the upper surfaces of drift-deposits which fill the ancient 
valleys to various heights above the old rock beds.” Other 
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similar facts from western Pennsylvania are presented in the 
report of Mr. J. F. Carll, for 1880. During 1881, Mr. J. W. 
Spencer published facts respecting a buried channel between 
Lake Erie and Lake Ontario, which entered the latter lake 
along the steeply escarped Dundas Valley.* He states that in 
this valley the drift has been penetrated to a depth of 227 feet 
below the level of the lake without reaching a rocky bottom, and 
that the depth of the drift is probably as much as 1,000 feet. 
He also points out that the channel of Lake Ontario, which has 
its greatest depth abruptly near the southern side and gradually 
shallows northward, is a channel of erosion and probably of 
cotemporaneous erosion with that of the Dundas Valley. 

Reported examples of this kind are so numerous that they 
are regarded now as representing a general fact. Such excava- 
tions could not have been made by running water while the 
land was at its present level; and much less could they have 
been made when the land was lower than now. Their origin 
was hence before the Champlain period in Glacéal or pre- 
Glacial time. 

The accounts speak of these deeply-eroded valleys as filled 
with drift ; and if with true northern drift, as is imphed by the 
language—a point which in all cases needs special examina- 
tion—they were open to their bottom to receive the drift dur- 
ing the Glacial era. For otherwise they would be found 
filled in each case with the sand and gravel of the drainage- 
area instead of with material from a more northern source. 
And if open in the Glacial era, the land was at a higher level 
than in the Champlain period, or that of great deposition ; high 
enough for a flowing stream to have kept the trenches elear of 
deposits. Many of these valleys, like that of Dundas Valley, 
have a different course from that of the movement of the gla- 
cier, and hence, no aid could have been afforded by the gla- 
cier in the excavation if the level was as now; and the aid 
would have been ineffectual whatever the course. 

The facts thus prove that if the material filling these buried 
valleys is true drift, the land in the Glacial era was higher 
than now ; and much higher, if the drift of the Dundas Valley 
is 500 to 1,000 feet deep. The valleys may have been pre- 
Glacial in origin, but their depth would have reached its low- 
est limit from the latest erosion or that of the Glacial era. 

The argument from the deep river-made channels intersect- 
ing sea-border regions, and now occupied by the sea—that is 
from long bays and fiords 100 to 3,000 feet or more in depth 
of water—which characterize the shores in the higher latitudes 
on all the continents, north and south, still stands good so far 


* Proc. Amer. Phil. Soc., 1881, and Proc. Amer, Assoc, Adv. Sci., 1881. 
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as this at least, that if, as is probable, antedating in first origin 
the Glacial era, the final deepest erosion took place at that time. 
Being proof of water erosion, they are proof of the emerged 
state of lands where now are seas 1,000 to 3,000 feet deep. 
But they do not prove that there may not have been several 
successive emergences and Glacial eras concerned in their 
production. 

(b.) Again, there are deserted water-courses which appear to 
owe their desertion to a change of level which took the flow 
from the waters. In many cases the desertion was due simply 
to a decline of the flood, and a filling of channels by the depo- 
sitions. But in other cases, like that of the discharge of the 
St. Lawrence from the Great Lakes, an appeal to diminished 
southward pitch in the land is necessary to account for the 
depositions of the Champlain period, and also for the present 
condition of the lakes as to outlet. 

(/.) An argument for the probability of a greater elevation 
in the Glacial than Champlain period I have based, in earlier 
papers, on the progressive elevation of the continent which was 
going on during the preceding Tertiary era; and this has lost 
none of its force by recent discovery. The elevation of the 
Rocky Mountain region from Mexico on the south tothe Arctic 
seas, and which amounted to 10,000 and 11,000 feet in the 
higher portions of the United States, was not completed until 
the close of the Pliocene—the vast Pliocene fresh-water lakes 
proving this; and the close of the Pliocene was the beginning 
of the Glacial era. Besides this upward movement in the 
western two-thirds of the continent, a smaller took place in its 
eastern portion, as geologists have inferred from the absence of 
marine ‘Tertiary either above or at the sea-level north of Cape 
Cod, and of Pliocene Tertiary to a large extent south of it. 
Thus the Tertiary changes of level were, in the main, upward 
to the end of this age. 

It is evident, too, that these changes of level in the Tertiary 
were changes of land-level. For changes due to a transfer of 
the ocean’s water meridionally would have been alike on the 
two sides of the continent. 

It is deserving of consideration also that an elevation of 
large portions of the Arctie regions would be favorable to the 
production of Glacial conditions, for it would diminish the 
depth of the arctic seas, and consequently would diminish the 
volume of arctic currents flowing southward, and of tropical 
waters reaching the arctic; and it would hence increase the 
cold of arctic seas and jands and of the lands south, and the 
warmth and rate of evaporation of the North Atlantic in tem- 
perate latitudes. 

The evidence reviewed thus shows that there were real 
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changes of land-level and not simply a change of ocean-level 
connected with the coming on and disappearance of the ice of 
the Glacial era; and that the level during the Glacial era was 
not below the present, like that of the era following, but at 
least as high as the present, and probably, in many portions of 
the colder latitudes, somewhat higher than now. 

It thus follows that a change of level of very wide continen- 
tal range introduced the era of depression or Champlain 
period—a change so great and so marked in its effects that it is 
reasonably recognized as a time-boundary in Quaternary his- 
tory; and as the Champlain period was one of ameliorated cli- 
mate, it may have begun with the beginning of the melting. 
As I have shown in the earlier part of this memoir, the depres- 
sion was certainly a fact during the great flood, and began before 
the melting had far advanced. The fact of a warmer climate in 
the Champlain period is manifested in the distribution of the 
quadrupeds and forest trees of America, Europe and Siberia, 
as now generally admitted. It is most strikingly demonstrated 
among the lands of the Arctic seas, where, on Banks's Land 
(74° 48’), Prince Patrick’s Island (76° 12’ N.), and elsewhere, 
unaltered trunks of modern fir trees, single and in forest-like 
accumulation, exist. 

But the facts as to amount of change of level are not so well 
known that we can mark off the limits of the areas of elevation 
and depression over the higher latitudes. ‘hey do not enable 
us to decide whether there were not, extending northward, a 
series of upward and downward flexures, with only a greater 
general emergence than now in the Glacial era and a greater 
general submergence in the era following. The heights of ter- 
races on the coast of Greenland seem to be an indication as to 
one in this series of flexures. In any case the facts do not 
sustain the ordinary assumption that the amount of depression 
in the Arctic regions was approximately alike in all parts, and 
they leave it to be proved that all portions participated in the 
subsidence. 

The cause of the depression of the land, or of the previous 
elevation, this is not the place to consider. 
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Arr. XIV.—On the Retardation of the Maxima and Minima of 
Air-pressure at High Stations; by H. A. Hazen, A.M. 


[Communicated by permission of the Chief Signal Officer of the United States 
Army. | 


In his tenth paper, published in the number of this Journal! 
for January, 1879, Professor Loomis advanced certain evidence 
to show that, apparently, the progress of a storm center was much 
more rapid at the surface of the earth than at elevations above 
it. Many arguments have been advanced by others for and 
against this theory. It is the purpose of this article to put forth 
certain facts which have come to light, and which it is hoped 
will tend to elucidate the subject. 

Many years ago it was noticed from hourly observations at 
Zurich and at the summit of the Rigi, that while the morning 
maximum, in the diurnal range of air-pressure, occurred at the 
lower station at ten, it did not occur at the summit of the 
mountain until two P.M. Professor Loomis writes (this Journal, 
January, 1879, pp. 11 and 12): “Over the United States both 
the maxima and minima” [of accidental fluctuations] “ of atmos- 
pheric pressure generally occur first near the surface of the 


earth, and they occur later as we rise above the surface, the 
retardation amounting to one hour for an elevation of from 
nine hundred to thirteen hundred feet.” He says again (pp. 13 
and 14): “The diurnal movements of the barometer exhibit a 
veculiarity similar to that found for the accidental fluctuations. 


‘he principal maximum occurs at the base at half past eight, 


but on the summit it does not occur until noon, being a retard- 
ation of three and a half hours, which is almost identically the 
same as we have found by a comparison of the accidental 
fluctuations.” He says further (p. 19): “The low center at 
the height of Mount Washington sometimes lags behind the 
low center at the surface of the earth apparently as much as 
two hundred miles.” 

The Rev. Clement Ley, of England, in a paper published in 
the Quarterly Journal of the Meteorological Society for July, 
1879, adopts this statement advanced by Professor Loomis in 
support of his hypothesis that the storm center lags behind at 
elevations as shown by his own observations of cirrus clouds. 
Mr. Strachan in discussing this point as brought out by Mr. Ley 
has shown that, taking the average velocity of a storm center 
as twenty miles per hour, and a retardation of one hour per 
each thousand feet of ascent, the axis of the storm center must 
be inclined 89°°5 to the vertical, or, in other words, lie almost 
parallel with the earth’s surface. 
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Professor Ferrel, in his paper, ‘“ Meteorological Researches 
for the use of the Coast Pilot, Part II,” has advanced the theory 
that a storm center lags behind at the earth’s surface, and, 
speaking of the apparent contradiction of the researches of Pro- 
fessor Loomis, says: ‘These results of Professor Loomis show 
too much for this hypothesis” [that the axis of a “low” is 
retarded at elevations], “ for they show that there is a similar 
retardation of just about the same amount in the times of the 
maxima and minima of the diurnal changes of barometric 
pressure at the summits of mountains, and we cannot reasonably 
explain this by means of cyclones with reclining axes. When 
we shall have a satisfactory explanation of this retardation in 
this latter case, we shall probably have one in the other.” 

In discussing the probable cause for this retardation, the 
influence of high winds and of variations in temperature will 
be considered, and the theory that it can be caused by the lag- 
ging of the axis of a “low” abandoned as untenable, for this, 
if for no other reason, that, unless a secondary force acts, it is 
exceedingly difficult to conceive how any fall of pressure at the 
summit of a mountain would not make itself felt at the same 
time at the base through the superincumbent atmosphere. 

If a strong current of air can produce a depression of the 
mercurial column of a barometer, as has been shown by using 
a blower for the air current and an air-tight receiver for the 
barometer (a condition of things, however, which, it should be 
be borne in mind, can never occur in nature}, then why may 
not the high wind which nearly always accompanies a storm 
cause a fall in air-pressure, which shal] continue as long as the 
wind is strong at the summit and some time after the storm 
center has passed the base? 

It is exceedingly desirable that special experiments be made 
under natural conditions, directly testing the influence or non- 
influence of high winds on the indications of the barometer. 
In the absence of such experiments we may indirectly ascertain 
such influence by comparing observations made at the same 
moment of time at the summit and base of mountains. The 
materials for such comparison exist in manuscript copies of 
hourly observations at the base and summit of Mount Wash- 
ington during May, 1872, which 1 have been allowed to consult 
through the kindness of the Chief Signal Officer of the Army; 
and in the hourly observations of May and June, 1873, made 
at the same stations. The latter have been published in the 
annual report of the Chief Signal Officer for 1873. These 
stations lie three miles apart in a horizontal direction, and 
hence we may compute with a near approach to accuracy, from 
the observations for pressure and temperature, the difference of 
level between them, by the use of Guyot’s hypsometric formula, 
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In order to show that varying temperature does not appreci- 
ably affect the relative results of such computation, the follow- 
ing comparisons are given. 

Ata recent meeting of the Washington Philosophical Society, 
Professor G. K. Gilbert, of the United States Geological Survey, 
gave a method for determining differences of elevation where 
air-pressures are observed at three or more neighboring stations 
having different heights, which may be outlined as follows: 
Let P, P’ and P” represent the observed air-pressure at stations 
A, B and C, then will the formula, 


H=C (log P—log P’) /(O)/(m) (1) 
express the difference in height between A and B, and 

H’=C (log P—log (2) 
the same for A and C; dividing (1) by (2) we have 


H _ log P—log P’ 

H’ log P—log P” 

if now we have either H or H’ given, we may compute the 


other, without referring to temperature, latitude or moisture. 
During the month of June, 1873, hourly observations were 


+D: 


made at the base and summit of Mount Washington and at two 
intermediate stations. Considering forty-three cases taken at 
random, I find twenty-three of them in which the mean height 
of the summit above the base is too small, by Gilbert's 
and Guyot’s formule, forty-six and fifty-five feet respectively : 
while the remaining twenty cases give a value too great by 
fifty-one and forty-eight feet. We may therefore, in comparing 
relative heights, neglect the effect of varying temperature as 
introduced by computations with Guyot’s formula. 

If the wind affects the pressure directly, we would expect 
that the computed difference of level would be the same as the 
true difference when there was no wind, and would gradually 
increase as the wind increased, unless there were some causes 
beside pressure, temperature and wind affecting the computa- 
tion. I have grouped these computed differences in elevation 
according to the force of the wind, as may be seen in Table I. 

In the following table, for May, 1872, all winds under ten and 
above forty miles per hour are included, and in May, 1878, all 
the cases except a few which were omitted because of serious 
errors in the observations. The table shows this remarkable 
peculiarity, that, though with winds above sixty-one miles per 
hour, the mean computed difference in height is too great by 
sixty-six feet: with winds under ten the mean difference is too 
small by thirty-tive feet. We conclude, then, that some other 
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cause must produce the results or must act in conjunction with 
the wind. Taking winds above sixty-one miles per hour I 
have found ten cases in which the height was too small b 
about fifteen feet; also, a great number of cases in whic 
though the wind continued strong from the same direction, yet 
the computed height continually became less, showing that the 
wind does not produce a direct effect upon the indications of 
the barometer. 


TABLE I, 


Mean amount to be added to the true difference in height between the summit and base 
of Mount Washington to give the computed difference. 


Wind force in miles per hour. 


0 to 10. lito. | 21 to 2, 31to40, | 41 to 50, 6. | Above 61. 


May, | 
1872,) 77/—2771 25 —18"6 30 43 +1075 32 +3379/50 +5174 
May, | 
1873,|104) —43°5'134 —22:0183 441135. +15°6)99 +34°961 +52427 +80°1 


On projecting the curves of pressure in connection with the 
computed elevations, we find that there is a striking uniformity 
in the occurrence of small and large differences of elevation 
with the maxima and minima of pressure, the least coinciding 
with high pressure and the greatest with low. Grouping a 
second time, then, with respect to the maxima and minima 
of pressure we have Table II. 


TABLE II. 
Man amounts to be added to the true difference in height between the summit and base 
of Mount Washington to obtain the computed difference. 


Maxima of Pressure, Minima of Pressure. 
Date. Locality. Cases. Amount. Cases, Amount. 


Mt. W. and 
hase... 
Mt. W. and 
May, 1873 base-... 137 
Jan., Feb., Mar., Mt. W. and 
Oct., Nov., Dec., mean of 
B. and P. 119 —29°1 120 


In the above table, as the first two horizontal rows of figures 
apply only to observations for the month of May, I have added 
a third set of figures for the summit of Mount Washington 
compared with the mean of Burlington and Portland as the 
base, and computed for observations taken at 7 A. M., 3 P. M. 
and 11 p. M., Washington time, during Jan., Feb., Mar., Oct., 
Nov. and Dec., 1880. Burlington and Portland, near sea-level, 
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lie on opposite sides of Mount Washington and at distances 
altogether too great to give the best results; if, however, we 
take the mean of the two we shall obtain an approximate value 
for the base of the mountain. 

It is evident from Table II that during the prevalence of 
relatively high pressure, elevations, computed barometrically, 
will in general be too small, and, on the other hand, when the 
pressure is low the computed heights will be too great. This 
fact also explains the coincidence of too great computed heights 
with high winds, for the reason that the highest winds always 
occur with relatively low pressure; on the contrary, when the 
wind is light the pressure is generally high. We may conclude, 
then, that the same cause which produces the maxima and 
minima of pressure, controls also the different values of com- 
puted elevations, and that high winds are rather an accompani- 
ment than a direct cause of the same variations. 

May not the apparent lagging of the axes of “highs” and 
“lows” be due to the effect of varying temperature. ‘The gen- 
eral tendency of high temperature being to expand the air and 
force it from the lower levels, above the summits of mountains, 
and of low temperature to produce an opposite effect, we should 
expect at elevated stations high pressure with high temperature 
and low pressure with low temperature. This principle is well 
illustrated by the Signal Service observations of pressures on 
Mount Washington and Pike's Peak. In January the mean 
pressures are 23'°393 and 17'512 at the two points respectively, 
while in July they are 23’894 and 18-078. The same results 
would follow the accidental fluctuations, whenever there might 
be a steady, gradual rise or fall in temperature for a sufficient 
period of time. Whena “low” has passed a station at sea- 
level, the temperature frequently falls steadily with a west 
wind and the result is a contraction of the air, which causes its 
withdrawal from the upper atmosphere and a further fall in 
age toe there. This process will continue until the fall caused 

y the low temperature is counterbalanced by the rise due to 
the advancing high. The reverse of this may take place at the 
passing of a “high.” In order to ascertain the influence of 
varying temperature as suggested above, I have projected the 
pressure curves for a singular case at Pike’s Peak, in which the 
minimum occurred forty hours earlier at Denver than at Pike’s 
Peak; also, fora case in which the minimum for Burlington 
and Portland occurred twenty-four hours earlier than on Mount 
Washington. 

Referring to the curves and the temperatures at Pike’s Peak, 
we see that on November fourteenth, at the 7 A. M. observation, 
the mean temperature of the air column was comparatively low 
and the pressure at a maximum at Denver; the temperature 
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gradually increased to three p. M. of the fifteenth, and though 
there was a steady fall in pressure at Denver, yet it rose on 
Pike's Peak until seven a. M. of the fifteenth; from this point 


Retardation of the minimum of pressure at Pike's Peak, Nov. 15 and 16, 1880. 


14, 149143 15,152.15, 16,162.16; 17,172,175 18,18218, Date. 
6°2019 22 3416 6 1-6 -20-10-12-6 7 6 Mean Temp. 


Colo. Sp’gs. 


Curves of Air-pressure. 


Mt. Washington and mean of Burlington and Portland, Nov., 1880. 


17s 18, 18, 18, 19, 194 195 20, 20. 20; Date. 
36°37 44 36 10 3 -2 -4 6 13 Mean Temp. 


Base. 


Summit. 


Curves of Air-pressure. 


the pressure rose steadily at Denver under the influence of an 
extraordinary cold wave; this same cold wave reduced the 
pressure on Pike’s Peak, which did not reach its minimum till 
seven A. M. of the seventeenth, or forty hours later than at 
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Denver. Ona comparison of the curves at Mount Washington, 
we see another illustration of the same nature. 

If now we apply the same reasoning to the maxima and 
minima of the diurnal range of pressure, at the base and 
summit of mountains, we shall find that it aflords a satisfactory 
explanation of the retardation at the summits. For the 
purpose of comparison I have taken the hourly observations at 
Mount Washington and base in May, 1872 and 73, and in 
June, 1873; also, a manuscript copy of hourly observations 
made by the observers of the United States Signal Service at 
Pike’s Peak and Colorado Springs during August and Sep- 
tember, 1874. The means for each hour have been embodied 
in Table II. The difference in level between the base and 


TABLE III. 


Diurnal range of air pressure, and the mean temperature of the air column at Mount 
Washington and Pike's Peak. 


“May, 1872. | May and June, 1873. Aug. and Sept., 1874. 
Hour of Air pressure. |Mean T. Air pressure. 'Mean T. __ Air pressure. |Mean T, 


day. 
| 


Base. Airecol, Mt.W.| Base. | Air PC. Sp’gs.| Aircol. 


37-2 | 
‘157| *161) 38-8 | 
| 


+158) 38-4 
‘146, 38-0 
| 953! 37°8 
670 | 374 -762| 40-1 | 17-988) 
671 101 | 38-7 | “767! 42-2 | 17-995! 204 
‘674 | +103 | 396 | -181| 440 | 18-002! -205 
‘683 | 098 ‘781-180, :18°009 +198 
“689 096 41:9 784176) 466 | 18009 “188 
690 | 093 426 787169) 48°00 18-007 176 
690 085 | | 49°0 | 18005 “164 
‘687 081 | 436 | “783 157) 49°0 | 18002 150 
‘689 082 440 77-152) 48°83 | 17-998 144 
“688 O78 | 43°8 486 179941142 
683 066 | 44:0 47°6 | 17°992, 
“691 O84 | 43°20 46-2 | 17-992 +152 
172-163) | 17°997) 

173 «166 42-4 | «18001, 
“680 | 38°5 479171) “188 
775-171, 41-0 

‘770 "171, 

374 | °167| 39°8 


1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 
Noon 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 


Mt. W.* 
Uncorrected Att. 
Barometer. Ther. 


23"°730 55°°1 
"730 57°8 
“139 60°7 
“750 64°6 
“762 65°7 


| 
47°'1 
51°8 
55°0 
60°4 4 
62°8 
64°3 ‘ 
65°0 
63°3 
61°2 : 
60°1 
58°2 
55°5 4 
53°5 
§2°3 
Midn. 
Att. 
Ther. 3 
6 A. 504 
7 49°5 
8 49-4 
9 497 
10 49°8 : 
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summit of Mount Washington is 3590 feet, and between Pike’s 
Peak and Colorado Springs it is 8100 feet. 

The figures in this table, in the fifth and sixth columns, were 
taken from Professor Loomis’ tenth paper; the remaining 
columns I have computed from the original observations. 
Unfortunately the hourly observations of 1872 and ’74 were 
continued only during the day hours; they, however, give 
satisfactory results for the principal morning maximum and 
afternoon minimum. A marked peculiarity will be noticed 
in column two in the means of the observations for seven and 
eight A. M., namely: a steady fall during these hours. This is 
due not to natural causes at all, but to the fact that at the mid- 
night observation the barometer was pushed into its case and 
locked up. In this position the temperature indicated by the 
attached thermometer was lower than that of the room, con- 
sequently, by the time of the second observation the next 
morning, after the barometer had been suspended for an hour 
in the room, the temperature of the air in the room would be 
indicated by the attached thermometer, while the mercury and 
scale of the barometer would change their temperature much 
more slowly, and the correction for temperature being too great, 
the readings of the barometer were made too small, until the 
different parts of the instrument had attained a common tem- 
perature. The attached thermometer at the base indicates that 
the observations there were not made in the living room, or else 
that the fire in the room was very low. (See note at foot of 
Table IIl.) It will be noticed that in each case after the 
morning maximum of pressure was reached at the base, the 
mean temperature of the air column was rising, and in con- 
sequence, the pressure did not begin to fall at the summit 
till some time had elapsed. For the afternoon minimum a 
reverse of the conditions and effects is noticeable. One inter- 
esting circumstance should not be overlooked: while at Mount 
Washington the lagging in the morning was three hours and a 
half for 8590 feet, or one hour to each thousand feet, at Pike’s 
Peak it was only two hours for 8100 feet, or one hour to 4000 
feet. This is due in part to the fact that after the morning 
maximum the fall in pressure was much more rapid at the 
lower western station than at the eastern, and this counterbal- 
anced the rise in pressure at the summit due to the increase of 
temperature. 

Again, we see that in the single case we have of observations 
through the night, there is little or no retardation in the morning 
minimum and night maximum. This is precisely what we 
might conclude from the fact that during this time the temper- 
ature changes only slightly, though little stress can be laid 
upon this because the oscillation is correspondingly small. 
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Another cause for a portion of the retardation may be con- 
sidered to be the sluggishness in action of the summit barome- 
ters, or again, to be the slowness with which the air at the 
maxima and minima of pressure would enter and leave the 
room where the observations were made, undoubtedly less 
accessible to the atmosphere at the summit than at the base. 
These last two causes, however, would be of little consequence . 
in producing the results noted. 

May we not be enabled, by a sufficient number of carefully 
conducted observations, extending over a year, at the base and 
along the side of Pike’s Peak or some other isolated mountain, 
to determine the cause of the diurnal range of air pressure, 
which has been characterized as the most persistent of all 
meteorological phenomena and never as yet satisfactorily 
accounted for? If the above discussion assigning varying 
temperature as the cause of the apparent retardation of the 
axis of a “low” at high stations prove satisfactory, it will also 
show the great difficulty which inevitably attends any attempt 
made in comparing pressures observed at elevations above the 
earth with those observed at the same time at sea-level. 

Acknowledgment is due to Professor Abbe for suggestions 
in the final construction of this paper. 


Art. XV.—On the General Principles of the Nomenclature of the 
Massive Crystalline Rocks ; by A. WENDELL JACKSON. 


INTRODUCTION. 


THE objects of the present paper are, first, to suggest the com- 
plete separation of rock-nomenclature from rock-classification, 
and, second, to investigate and to establish, as far as may be, the 
principles upon which any system of nomenclature for the mas- 
sive crystalline rocks should be based. Throughout my paper 
the term ‘“ nomenclature” is to be understood as referring to the 
names of the rocks themselves and not of the larger groups 
recognized in rock-classifications. 

The existing confusion in rock-nomenclature is due to sev- 
eral causes, not the least of which is the admission of classifica- 
tion as a controlling feature in nomenclature, and the tendency 
seems to be more and more in this direction. This principle is 
even directly advocated in a recent able work (Dutton, “ Geol- 
ogy of the High Plateaus of Utah,” Chap.iv). Its general ree- 
ognition can only result disastrously to the science. The true 
function of present systems of classification is to express rela- 
tions between the objects classified. The true function of a 
system of nomenclature is to furnish each of these objects with 
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a name that shall be as little subject to change as possible, for 
change produces confusion. 

Classifications are constantly changing and if our rock-names 
are made dependent upon them, an element of confusion in 
nomenclature is introduced that is both undesirable and unnec- 
essary. Our only remedy lies in a complete divorce of nomen- 
clature from classification such as has long been recognized in 
zoology, botany and mineralogy.* 

In the following pages I wish to discuss the principles of 
nomenclature as considered thus entirely distinct from classifi- 
cation; it goes without saying that the chemical, mineralogical, 
and geological considerations which I discuss with reference to 
the irbearing on nomenclature are entirely open to a re-discussion 
with reference to their bearing on classification ; and one may 
arrive at diametrically opposite conclusions as to their value for 
classification from my own as to their value for nomenclature 
without in the least invalidating the results reached in the 
present paper. 

In the first chapter I state and explain the principles which 
I conceive should guide us in the formation of rock-names and 
I then examine the considerations at our disposal to determine 
how far they may be used in conformity with the principles 
laid down. In the second chapter I explain why I hold it to 
be inexpedient to formulate a system of names in accordance 

with the principles suggested and give reasons for adopting 
provisionally a different system of names. 


CHAPTER I. 


I conceive the fundamental principles to be borne constantly 
in mind in the formation of a system of nomenclature to be 
three: I. Uniformity, Ul. Stability, UI. Adaptability. I shall 
examine each of these and indicate its bearing upon the ques- 
tion at issue. 

I. Uniformity. No one will for a moment dispute the desira- 
bility of having but one name for each rock. There is some- 
thing of a tendency toward the formation of “schools” in this 
respect. That is all wrong however; all geologists should call 
the same rock by the same name. Zoologists, botanists and 
mineralogists recognize this principle in their respective sci- 
ences. Indeed it is so evident that one who will dispute it is 
not to be reasoned with. 

Il. Stability. By a “stable ” nomenclature, I mean one that 
is not subject tochange. A rock that has once received a defi- 


nite name should continue to be known by it. This principle 
is second in importance only to the first. If all geologists 
would agree to change any given name, there would of course 


*For a more extended discussion of this topic see the reprint of this paper in 
Volume for 1882. 


the Proceedings of the California Academy of Sciences. 


| 
{ 
| 
« 
| 
| I 
t) 
tl 
tl 
st 
Se 
th 
fr: 
fe 
tu 
va 
| of 
bit 


A. W. Jackson— Nomenclature of Crystalline Rocks. 115 


be no objection to the change; uniformity would still be pre- 
served. This principle as well as the first has been frequently 
violated in petrography. ‘ 

Ill. Adaptability. in considering this prineiple it is desirable 
to bear in mind the peculiar nature of a rock as distinguished 
from a mineral. A mineral is a definite homogeneous chemical 
compound and one usually has no difficulty in recognizing it 
and applying at once the name that has been agreed upon for 
that particular compound. But a rock is usually a mechanical 
mixture of two or more minerals, admitting considerable varia- 
tion in the relative amounts of the different constituents, re- 
maining in the estimation of the geologist substantially the 
same rock. By the “adaptability” of a name I mean that it 
should adapt itself to this variation. A change in the relative 
amount of the constituents within certain not all-too-broad 
limits should not necessitate the use of a new name. 

It is here that I conceive some may take issue with me as to 
the practicability of upholding this principle. It will be con- 
tended that rocks grade off into each other by insensible transi- 
tions and that the transitional jorms are just as common as those 
we may choose to set up as typical forms; that a name conse- 
quently cannot be made to adapt itself to this indefinitely shift- 
ing mixture of minerals. ‘The answer to this has been so finely 
stated by Rosenbusch (Massige Gesteine, p. 25) that I cannot 
refrain from quoting it in full, premising that I have fully ex- 
perienced the truth of his statement. 

He says: ‘In the same way that insensible transitions from 
one rock to another are brought about by change in the min- 
eralogical composition, so also is it true that similar transitions 
are sometimes the results of a change in texture. I believe 
myself justified in the statement that every thoughtful petro- 
grapher will have passed through three stages of development 
in his scientific views, with increasing experience in this direc- 
tion, stages which possess more than a personal interest, from 
the fact that they are likewise recognizable as three stages in 
the development of the science itself. In the first of these 
stages, one is a fanatic for a simple system; one recognizes a 
series of well characterized types and no transitional forms. 
In the second stage, the conviction presses itself gradually upon 
the mind that nature cannot be fitted into so exact and rigid a 
frame; the well characterized rock-types become fewer and 
fewer, the transitional forms more and more numerous. One 
turns away from the rigid system and becomes an inspired ad- 
voecate of the uninterrupted series, of the gradual development 
of one rock from another, of the insensible transitions which 
bind together and totally obliterate the types of the first stage. 
Finally, in the last stage, one begins gradually to discover cere 


116 A. W. Jackson—Nomenclature of Crystalline Rocks. 


tain fixed points in this vague and indefinite mass of transitional 
forms; or, to express myself petrographically, in the formless 
magma of our views crystallization-centra begin to appear, about 
which homogeneous material begins to deposit itself concentri- 
cally with gradually decreasing density as we recede from the 
center. Thus arise rock-groups whose central types are well- 
defined and distinctly separated from one another, while their 
peripheries tangent and in many ways coalesce. One now re- 
turns to the definite system which no longer possesses however 
the rigidity and dead immobility of the first period.” 

One who believes there is no such thing as a definite rock- 
type, finds himself in the second stage of his development and 
only needs a more extended range of experience to discover the 
rock-types and to view them in their true relations; and he 
will then perceive the true significance of this principle of 
adaptability and will recognize the importance of conceding to 
it a high degree of influence in the construction of rock-names. 

Mr. Darwin has demonstrated the necessity of recognizing 
this principle in the organic natural sciences and the mineral- 
ogist has to bear it constantly in mind. 

Were the necessity at all incumbent upon us to form a system 
of nomenclature for material that had reached a perfect natural 
classification, I should certainly add a fourth principle to the 
three thus suggested, namely, that a name should be construct- 
ed so as to suggest the relation of the rock to all allied rocks; 
in other words I would seek to construct a complete systematic 
nomenclature that should be an exact expression of the syslem- 
atic classification. 

As such a system has not yet and may never be reached, it 
is certainly unwise to allow this principle to enter largely into 
the determination of present nomenclature. It would at once 
conflict with the first two principles of uniformity and stability. 
To a slight extent it may perhaps safely be done; we shall con- 
sider such cases later. 


Having thus laid down certain principles to guide us, I will 
now examine the considerations that might influence our selec- 
tion of rock-names. In so far as these considerations are in 
accord with these principles, they will be endorsed; in so far as 
they are in conflict, they will be rejected. 

I claim, first, as of fundamental importance that facts, and facts 
alone, should determine names and that speculations, hypotheses 
and theories should be entirely ignored. Facts are susceptible of 
demonstration, and a nomenclature founded upon them is sure 
to be uniform and stable, while speculations, hypotheses and 
theories admit of differences of opinion, and if our names are to 
‘ye influenced in any way by them, we at once admit an element 
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of nonuniformity and instability. Although it is in a general 
way true that the theories of one generation become the facts of 
the next, it is equally true that most of the theories of one 
generation fail to become the facts of the next; and so long as 
they remain in the condition of a theory they should be totally 
ignored in forming rock-names. The value of a fact in this 
connection isto be measured by its generality; facts of local 
value should be reserved for local distinctions. 

The kinds of facts which are more immediately accessible to 
the geologists are three: chemical, geological and mineralogical. 
I will indicate what I conceive to be the value of each class for 
the formation of names. 

1. Chemical. Perhaps the most striking evidence of the im- 
possibility of basing nomenclature upon chemical composition 
can be presented in the fact that during all of the years preced- 
ing the use of the microscope in ete investigation, 
chemistry was unable to discover distinctions that become evi- 


dent with the first glance into the microscope. Rocks are not 
minerals and have not the same well-defined stochiometrie com- 
position that minerals have. On the contrary, rocks that are 
mineralogically identical show considerable variations in chem- 
ical composition, while the same bulk-analysis may be true for 
rocks of widely different mineralogical composition. It is to be 


observed from this that knowing the analysis one is not able to 
predict mineral composition while the converse is not true; if 
we know the mineral composition we can predict always quali- 
tatively, and to an approximation quantitatively, the chemical 
composition. It would seem then that the fact of mineral 
composition is of a higher order of utility than the fact of 
chemical composition. ‘The latter is a function of the former 
and a nomenclature based upon mineralogical facts will neces- 
sarily express sufliciently clearly the chemical facts, without 
the inconvenience of determining the chemical composition in 
each case before deciding what name shall be applied. 

Again, it is held by some (Scheerer, Jahrbuch der Mineralo- 
gie etc., 1864, 385, and others) that the chemical composition 
of a rock isa fact of the first importance and should be made 
the leading element in classifying (and naming?) because it 
gives us a clear conception of the nature of the original fluid 
material out of which the rock crystallized; and that it is this 
original fluid material which constitutes the true ‘ rock-type ” 
about which all of our interest centers. Now, while I fully ad- 
mit the value of this conception and appreciate the significance 
of the results to be gained by tracing different rocks back to a 
common magma, still [ hold that a rock is something more than 
a certain chemical mixture, it is a chemical mixtare with a 
history that is equally interesting. It bas been subjected to various 
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physical conditions of temperature and pressure that have de- 
termined its rate of crystallization and that, equally with the 
original magma, have determined the precise ‘minerals which we 
now find in the rock itself. It is true we do not yet know 
enough of the relations between varying conditions of tempera- 
ture and. pressure, and the resulting minerals to be able to 
reason backward from the minerals themselves to the conditions 
of which they are the (partial) expression; some progress has 
been made in this direction and certainly more is to be ex- 
ected. 

The mineral composition of a rock will give us a conception, 
then, not only of the original chemical composition of the mag- 

ma from which it was derived. but also (particularly with 
texture, see p. 19) of the physical conditions which have pre- 
vailed during the process by which the rock acquired its present 
appearance ; “it suggests both chemical and physical conditions 
while the chemical ‘analysis suggests only the former. Whence 
I conceive that the use of chemical facts in constructing rock- 
names is superfluous. 

The inconvenience of making a quantitative chemical analysis 
before deciding the name of a rock is certainly not the least ob- 
jectionable feature of the plan. 

Geology must always remain more or less of a natural history 
science and the field geologist will always need a name that 
will convey some conception of the appearance of a rock, such 
as a mineralogical name will give him. 

2. Geological. The geological facts that might be used in 
this connection are form, age and origin. Form has been used 
to some extent, but it is now so generally recognized that the 
same rock can occur as dyke, bed, sheet, stream, or stock, that 
it has properly ceased to have any significance so far as name is 
concerned. Not so, however, with age. The continental geol- 
ogists divide the massive crystalline rocks into two classes 
which they call “older” or “ younger” according as the rock 
was formed before or after the inception of the Tertiary period ; 
and based upon this distinction, the same mineral aggregate is 
provided with two different names according as it is of Pre- 
Tertiary or Post-Cretaceousage. Thus I have held in my hand 
two specimens that could not be distinguished from fs other 
even in thin sections under the microscope. Both contained 
quartz and sanidine porphyritically developed, the ground- 
mass of both was cry pto- -crystalline througbout and yet the one 
was “ quartz-porphyry ” because Pre- Tertiary. and the other 
was “quartz-trachyte” because Post- Cretaceous. For the same 
reason melaphyr is separated from basalt, with whieh it is 
otherwise identical; hornblende porphyrite from hornblende 
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andesite; augite porphyrite from augite andesite; orthoclase 
porphyrite from trachyte; and diabase from dolerite. 

Those who hold to this distinction do not indeed deny the 
frequent mineralogical identity of the rocks thus separated ; but 
they hold that it is desirable to express thus the difference in age 
of the same mineral aggregate. With Prof. J. D. Dana* I 
must confess myself unable to see the value of this distinction 
for the nomenclature of the science. It appears to me much 
more rational to call a certain mineral aggregate “ quartz por- 
phyry ” or “liparite” (use which name one will) and to recog- 
nize the fact that the rock thus named is sometimes of Silurian, 
sometimes of Carboniferous, sometimes of Permian, and some- 
times of Post-Cretaceous age. We find no difficulty in mineral- 
ogy of uniting the quartz of the Pre-Tertiary quartz porphyry 
with the quartz of the Post-Cretaceous quartz-trachyte (or 
liparite, or rhyolite) under one species, in spite of the fact 
that geological periods separated the dates of their formation. 
One who would advocate their separation into two species would 
be properly ignored and yet the geologist makes a similar un- 
necessary and unphilosophical distinction daily. 

Moreover those who insist upon this distinction are not con- 
sistent. They separate quartz porphyry from liparite, but they 
fail to separate the Paleozoic granite of the Harz Mts. from the 
Mesozoic granite of Cornwall; and they fail to separate certain 


Triassic quartz porphyries of Germany from Silurian — 


porphyries of England. In other words, the line is drawn 
between Mesozoic and Cenozoic but 1iot betweeen Mesozoic 
and Paleozoic. The reason for this (Roth, Beitriige zur Petro- 
graphie der plutonischen Gesteine in den Abhandlungen der 
Akademie der Wissenschaften zu Berlin, 1869, p. 74) probably 
lies in the fact that the earlier geologists were led, through 
the study of the Mesozoic rocks of Central Europe, to the 
conception that a period of comparative quiet separated the 
widespread igneous activity of the Azoic and Paleozoic ages 
from what appeared to be a renewal of this activity ina different 
form in Tertiary and Post-Tertiary times. It appeared as though 
the nature as well as the products of this renewed activity were 
different. The pronounced absence of volcanoes, lava streams, 
and tufas seemed to indicate that Pre-Tertiary activity was 
subterranean while recent activity finds expression.at the surface in 
the form of voleanoes, lava streams, tufa eruptions, and such 
tremendous sheet overflows as those of Utah, and of Washing- 
ton Territory, Oregon, and Northern California. 

The results of more recent and more widely extended re- 
searches do not seem to favor this idea. Paleozoic volcanoes, 
java streams, and even tufas have been found and we should 


* J.D. Dana. On some points in Lithology. This Journal, iii, p. 336. 
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certainly expect @ prior/ that they would have been formed then 
as now; but in the tremendous lapse of time that has intervened 
they would necessarily have become either greatly modified in 
form by erosion or in appearance by subsequent metamorphism 
so as to become unrecognizable as such, or indeed entirely ob- 
literated. It would require peculiarly favorable conditions to 
preserve a Paleozoic tufa in a recognizable condition to the 
present day. On the other hand, it is now conceived that 
granitic rocks are forming in the subterranean depths at the 
present time. The differences that do exist between so-called 
“older” and “newer” rocks may be due then not to their 
difference in age, but to the difference in the physical conditions 
of their crystallization, conditions which held equally in Paleo- 
zoic times and in Tertiary times, only the Paleozoic superficial 
formations have been mostly swept away and the deep seated 
rocks of that age exposed by the removal of thousands of feet 
of superincumbent strata while the superficial rocks of Post- 
Cretaceous times, the trachytes, andesites, phonolites, basalts, 
ete., are preserved to us because of their recent origin and the 
sranitic rocks now forming are too deep-seated to be exposed 
or observation. 

I would oppose then this distinction of rocks into ‘older’ 
and “newer ” (for purposes of nomenclature) first, because the 
original grounds upon which it was made seem no longer ten- 
able; second, because such distinctions as exist in fact between 
older and younger rocks can be accurately expressed by a 
purely mineralogical nomenclature; third, because the distine- 
tion is not and cannot be consistently carried out between rocks 
cf Mesozoic and Paleozoic age; fourth, because of its great in- 
convenience. It is not always possible to tell the age of a rock; 
in the meantime its name must be held in abeyance or at least 
subject to change. More than one instance will suggest itself 
to the specialist where the name of a rock supposed to be Pre- 
Tertiary has been changed when subsequent study in the field 
has proved the rock to be Tertiary or Post-Tertiary. This 
element of uncertainty plays sad hayoe with rock-names and 
should be set aside entirely. 

The third geological consideration to be noticed is eriyin. 
The first objection to be urged against its use in rock-naming 
is the fact that the whole subject of rock-genesis lies too much 
within the region of theory and even speculation; whence for 
reasons previously indicated, it should be disregarded in this 
connection. But even if we could determine for each rock its 
exact mode of formation, even if we could attach definite con- 
ceptions to such terms as “metamorphism,” “aqueo-igneous 
fusion,” etc., the objection similar to that urged against ‘‘age”’ 
would still remain, namely, rocks with the same mineralogical 
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composition would be provided with different names accordin 
as they were formed by one process or another. When actua 

differences in composition result from different modes of form- 
atiou, such differences will find expression in a mineralogical 
nomenclature, and when no differences exist, it would seem far 
more rational to use but a single name. I would quote here. 
with additions of my own in italics, from Prof. J. D. Dana's 
Manual of Geology, 3d edit, p. 76. “Further, rocks, as ob- 
jects in science, sliould be defined and named according to their 
kinds,—not according to the era of formation nor the method of 
Jormation,—since the same things are the same whenever made 
and however made.” Fortunately there is no pronounced ten- 
dency to transgress in this direction. 

3. Mineralogical. We come now to an examination of the 
mineralogical facts at our disposal, in the light of the three 
principles previously laid down. Under this head I propose to 
include both the minerals themselves and the manner in which 
they are combined together, in other words rock-lexture. 

First, with respect to the minerals themselves. They are 
susceptible of exact determination, there can be no differences 
of opinion as to what the essential constituents of a rock really 
are. The use of the microscope, the application of polarized 
light whereby the positions of optical planes can be accurately 
determined, Sorby’s method for determining the indices of re- 
fraction of minerals in rock-sections, Thoulet’s method of me- 
chanically isolating rock constituents so that they may be quan- 
titatively analysed if necessary, have all reduced the process of 
mineralogical determination of the constituents even of compact 
rocks to great exactness, 

It may be conceived that the difficulty, rarely perhaps im- 
possibility, of distinguishing between the different kinds of 
plagioclase * would interpose a serious obstacle in the way of a 
purely mineralogical nomenclature. But it should be remem- 
bered on the one hand that Descloizeaux’ optical distinctions 
and Thoulet’s method of mechanical isolation, together enable 
us, in most cases, to make the distinction with the greatest 
accuracy and, on the other hand, that the practical distinction 
between the different forms of plagioclase that occur as rock 
constituents is of secondary importance compared with the 
fundamental distinction between orthoclase and_ plagioclase, 
and this latter we have always been able to make with the 
greatest ease. 

While it cannot be regarded as proved that albite and anor- 
thite, the soda-plagioclase and lime-plagioclase, do not widely 
occur as rock constituents, stil] the results of investigations up 
to the present point in this direction. It is the intermediate 


* I use the term “plagioclase” in its original sense, including the albite-an- 
orthite series and excluding microcline. 
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members of the plagioclase group for which oligoclase and 
labradorite stand as types, that most commonly occur. No 
great element of uncertainty would be introduced into our 
nomenclature if we considered plagioclase a single mineral 
species, subject of course to variation in the amounts of soda, 
lime and silica, and in the future progress of the science, as the 
exact nature of the plagioclase for each individual case became 
determined, the name of this variety could easily be substi- 
tuted for plagioclase in the name of the rock, or used as an 
adjective modifying the name, if a purely trivial one. We 
should have, e. g. “oligoclase-basalt” and “ labradorite-basalt” 
in the place of “basalt” as now used. It must certainly be 
conceded (as indeed it is generally believed) that no weight 
can attach to the objection that the constituent minerals of a 
rock cannot be accurately determined. 

Supposing, now, that our nomenclature is to be based upon 
purely mineralogical grounds, it becomes necessary to determine 
what minerals shall be utilized for this purpose. The mineral 
constituents of a rock have been divided into primary and 
secondary according as they are the product of immediate crys- 
tallization out of the original rock-magma before or at the final 
solidification of the rock; or are produced by changes in the 
rock subsequent to its final solidification brought about by 
atmospheric waters or local metamorphism. ‘To these may be 
added such minerals and fragments as may have been mechan- 
ically enclosed during the process of eruption; I shall call 
such foreign minerals and fragments. With the fragments of 
course we have nothing to do. 

Of these the secondary and foreign minerals should unques- 
tionably be disregarded in naming the rock, as in fact has 
always been the practice. They are evidently purely adventi- 
tious and have nothing whatsoever to do with the rock as such. 
Their true nature can always be recognized and they conse- 
quently introduce no element of uncertainty to create confu- 
sion in names. There remain the primary constituents. Among 
these a certain liability to confusion may exist in the distine- 
tion between essential and accessory constituents. The acces- 
sory mineral of one rock is the essential mineral of another, 
and just where to draw the line is not always at once evident 
from the fact that an approximate quantitative estimate of the 
mineral has to be made. It is here that practice only can ren- 
der skillful. From the nature of the case it can never be 
otherwise, and serious embarrassment is not to be feared from 
this source. It is to be presumed that geologists are to be 
educated and the ability to make such distinctions must be 
learned. He who runs cannot expect to read. On the other 
hand, it must be observed that mistakes arising from this 
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source are liable only about the peripheries of the rock-groups, 
to take up Rozenbusch’s figure once more; and the alternative 
is to place the rock in a closely allied group where the mistake, 
if it be one, can do the minimum of harm. , 

I have shown thus far that wnzformity and stability would re- 
sult from a purely mineralogical nomenclature; let us now 
examine the adaptibility of such names. I have already called 
attention to the variation within certain limits in the relative 
proportion of the essential constituent minerals of any rock. 
It is not worth while to express this variation in our nomen- 
clature, In fact it is so irregular, so completely beyond the 
control of any known or conceivable general law that it would 
be altogether impossible to express it if we would. Names 
founded upon mineral composition would ignore this variation 
so long as it took place within the limits assigned for essential 
constituents. Such names would therefore completely adapt 
themselves to the natural conditions. They would have more- 
over even a higher order of adaptability than this. I have 
quoted Rosenbusch on the subject of rock-groups wherein 
he asserts the substantial unity of rock-types but of rock-types 
that are themselves united by transitions due to the gradual re- 
jlacement of one or more constituents by other minerals, or 
by a gradual change of texture. Such names can be made to 
adapt themselves most perfectly to the expression of the rela- 
tions between the different members of a rock-group and he- 
tween each and the central type. 7d this limited extent the 
attempt could safely be made to be systematic in our nomencla- 
ture; for the relations between the closely allied rocks of each 
group both chemically and geologically as well as mineralog- 
ically are too evident ever to become questioned. 

To illustrate with the granite group, Rosenbusch (Massige 
Gesteine, p. 18) following and developing the suggestion of 
Gustav Rose has divided and named the group in accordance 
with these principles. Quartz, orthoclase, and plagioclase are 
present m every granite; associated with these are muscovite, 
biotite and hornblende, sometimes one, sometimes two. When 
muscovite alone is present we have muscovite granite; when 
biotite alone, biotite-granite (or granitite); when hornblende 
alone, hornblende granite, when muscovite and biotite together, 
granite (in strict sense); when biotite and hornblende, biotite 
hornblende granite, or, more conveniently, hornblende grani- 
tite. Muscovite and hornblende do not occur simultaneously 
with the type constituents, but if they did it would be a sim- 
ple matter to make a name for the rock. 

The basalt group furnishes another good instance. From 
basalt as a central type (plagioclase, augite, olivine) we pass to 
nephelite basalt (— plagioclase + nephelite), or to leucite basalt 
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(—plagioclase + leucite), or to diallage basalt (—augite + dial- 
lage.) 

In this way then our nomenclature could easily adapt itself 
to the special circumstances of each vase. If it were con- 
sidered dicuctte, purely trivial names could be given to each 
of these closely allied rocks; but my own preference would be 
for descriptive names so long as they could be formed by the 
use of a single mineral name as a modifier, such as “ biotite 
granite,” “leucite basalt,” and for the reduction in number of 
the purely trivial names to a minimum. 

In addition to the mineral constituents, many rocks contain 
more or less of the solidified magma-residuum that was not 
taken up by the crystalline elements before molecular freedom 
of motion was stopped by the final solidification of the rock. 
This varies in quantity all the way from 100 per cent (as in 
obsidian) down to 0 per cent as in granite. This evidently can 
not be disregarded ; but the part it should play can be better 
discussed perhaps under the head of texture. 

Fock Texture —From the earliest times texture has been 
utilized for the purpose of naming rocks, and the desirability of 
continuing its use particularly for purposes of descriptive 
petrography is evident. It is none the less so from the fact 
that it is the expression, so far as we yet understand it even 
more perfectly than the minerals themselves, of the prevailing 
physical conditions during the process of cooling and solidifica- 
tion. 

Can rock-texture be used in forming a nomenclature, with- 
out danger to our fundamental principles? Does it present 
itself in such forms as to be accurately and universally recog- 
nized? The accuracy with which Rosenbusch has defined (1. ¢. 
p. 70 et seq.) certain important forms of macro-, and micro-tex- 
ture renders possible an affirmative answer to these two queries. 
I will rink his definitions. Ground-mass is the term ap- 
plied to the compact portion of a rock as distinguished from 
the large, distinctly visible, disseminated crystals. It is entirely 
a macroscopic conception, Under the microscope this ground- 
mass may be developed entirely crystalline, i. e. anisotropic ; or 
as a mixture of crystals and isotropic material called the base ; 
or entirely isotropic. If entirely anisotropic, it may be either 
micro-crystalline, i.e. made up entirely of distinct crystalline 
granules; or cryptocrystalline, i. e. consisting of anisotropic 
material throughout but with the crystalline individuals alto- 
gether indistinguishable from one another. No sharp distine- 
tion can be drawn between these two; they pass by insensible 
transitions into each other. 

If the ground-mass contains isotropic material, this material 
may be developed as a microfelsitic base, i. e. showing no polar- 
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ization and no glass, but consisting entirely of granules, scales 
and thread-like forms; or as a glassy base, i. e. a glass with 
products of devitrification; or as a pure gluss without any of 
these devitrification products. 

I would not pretend to base any distinction in nomenclature 
upon differences between these three latter forms of ground- 
mass. They are exceedingly interesting and important as 
showing at precisely what stage molecular freedom of motion 
was arrested in the cooling magma; or if one will, the precise 
stage of subsequent molecular rearrangement in the “ older” 
rocks, But the distinction cannot invariably be sharply drawn 
between them. 

One can however at once distinguish sharply between the 
presence or absence of isotropic material in the ground-mass, 
and upon this a distinction in nomenclature can safely be based. 
Bearing in mind the terms thus defined, I will illustrate the 
use that can safely be made of rock-texture, by applying it to 
the series of rocks having obsidian at one extreme and granite 
at the other, including thus the liparites and quartz porphyries. 

If the rock is to the unaided eye distinctly and completely 
granular, it would be “granite.” If some of the constituents 
were developed in larger crystals than the rest it could be indi- 
cated by the term “porphyritic granite.” If the size of the 
granules diminished until the rock became compact and the 
texture were micro-crystalline or crypto-crystalline, it could be 
called with Rosenbusch “ microgranite,” and if porphyritic, 
‘““porphyritic microgranite.” If the ground-mass contained 
isotropic material it would be desirable to distinguish between 
two cases; first, where the crystalline papa is in excess (the 
“quartz porphyries”), second, where the isotropic portion is in 
excess (‘the obsidian porphyries.”) I would call the first kind 
“ quartz porphyry” whether the base were microfelsitic, glassy 
or pure glass. Or the trivial name “liparite” could be used, 
with the understanding however that the name should always 
indicate the presence of base in the ground-mass with dissemi- 
nated crystals in excess. The “ obsidian porphyries” could be 
distinguished, if desirable, as “ microlitic obsidian porphyry,” 
“felsitic obsidian, porphyry” and “ glassy obsidian porphyry” 
according as the base showed a microlitic differentiation (as in 
the “younger” pitchstones), a felsitic devitrification (as in the 
“older” pitchstones) or remained in a purely glassy state. 
Finally when no recognizable crystalline minerals were present, 
the term “ obsidian” could be used, and, if desirable, we could 
also distinguish “ microlitic obsidian” (trachyte pitchstone), 
“ felsitic obsidian” (felsite pitchstone) and “ glassy 

Subjoined is a table of the terms I have thus constructed, 
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opposite to each the term Rosenbusch has applied to the same 
mineralogical and textural aggregate. 


Jackson. Rosenbusch, 
§ Granite. 
Granite ( Granitic liparite (in part). 
Porphyritic granite, Porphyritic granite. 
: § Microgranite. 
Microgranite, Felsite fels. 
Porphyritic microgranite | Granitiec liparite (in part). 
I Pp 
Liparite. 
Quartz porphyry +, Felsophyr. 
Vitrophyr (in part). 
Trachytic pitchstone porphyry. 
Obsidian porphyry 4 felsitic, -..-...-.---- / Vitrophyr (in part). 
Obsidian porphyry. 
Obsidian + felsitic Felsitic pitchstone. 


In these names which I have thus suggested, the much ab- 
used term “ porphyry” obtains a perfectly definite meaning; it 
indicates always the presence of determinable crystalline con- 
stituents and of a base, which is of course always isotropic. 
The term “ porphyritic ” would be used only in the macroscopic 


sense. These names are as much as possible descriptive ; trivial 
names could be substituted throughout but, as I have said be- 
fore, I think such names should never be coined where a con- 
venient descriptive one will answer the same purpose. It will 
be observed that, following the principles previously laid down 
every possible textural aggregate in the series has received a 
name, that each has received but one name, that, consequently, 
the same name is never applied to aggregates that are object- 
ively distinct, and finally that they are based upon distinctions 
about which there can be no differences of opinion. 

In a similar manner these textural distinctions could be ap- 
plied to every similar rock-series and perfect uniformity and 
consistency established throughout. 

I have discussed in the present chapter only the most general 
considerations. Even if the principle of a strictly mineralogical 
nomenclature were accepted, the exact part which the different 
essential rock-constituents would play therein would still re- 
main to be determined. ‘The discussion of this question is 
premature, however, until the more fundamental proposition is 
recognized. 

It seems to me clear that a rock-nomenclature founded upon 
purely chemical or geological or upon mixed chemical or geo- 
logical principles either with each other, or with mineralogical 
principles, necessarily must lead, as it certainly has led, to much 
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confusion in the science; and that we can only hope for a satis- 
factory, uniform and consistent nomenclature when based upon 
mineralogical grounds alone. It is only thus that an exact 
system of names can arise that can give worthy expression to 
the exact work that is now being done in this department of 
geology. Until some such uniform system is established we 
must continue to waste our energies in struggling to understand 
one another when the real difficulty is not with the facts but 
with the éerms in which we express them. The energies ex- 
pended in this effort would be far more profitably utilized in 
advancing our knowledge of the facts themselves. 

Justin Roth says that Petrography as a descriptive science 
loses all significance.* True, but it must be remembered that 
the purely descriptive stage of a science must always precede the 
scientific stage ; and that the latter stage is only possible after 
the former has become exact. Whatever conduces to exactuess 
of expression in descriptive petrography will add greatly to the 
scientific usefulness of this branch of geology in helping to solve 
many of the profoundest problems that engage the attention of 
the geological thinker of the present day. 


CHAPTER II. 


It will be observed that I refrain from any attempt to frame 
a system of names in accordance with the principles [ have laid 
down. I do this because I think that no new name should be 
introduced into a science unless it is tolerably sure of bein 
accepted in the sense in which it is proposed. Names are use 
to promote clearness and not confusion and unless this end can 
be attained it is better to refrain entirely from their introduc- 
tion. The reformation of the entire nomenclature of a science 
is a task that should be attempted only by one who has gained 
authority by long years of special work, by one who is univer- 
saliy recognized as fitted for the undertaking. There are but 
one or two men living who could hope to succeed. 

All that can be hoped for under the circumstances is that 
every writer should use the same nomenclature; uniformity, 
even if based upon principles that all will not accept as valid, 
is of the first importance. It is better that each should forego 
the luxury of insisting upon individual idiosyncracies, which 
in the majority of cases can never hope to become currently ac- 
cepted than that by so doing he should add to the existing con- 
fusion. Just as strongly as Capt. Dutton + would insist upon 

* Gest. Anal., 1873, p. 90. Die Petrographie, welche nicht mit den beschrei- 
benden Zweigen der Naturwissenschaft in einer Reihe gestellt werden kann, 
gewinnt nur durch die Unterordnung unter die geologische Forschung ihre Be- 


deutung. 
+ Geol. of High Plateaus, p. 85. 
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the duty of each to express his ideas in the form of a classifica- 
tion, just so strongly would I insist upon the duty of each to 
refrain from using a name in a different sense from that in 
which it was originally proposed, or from that which is already 
current. 

In selecting a nomenclature, that one should be chosen which 
is embodied in a convenient form accessible to all, which is 
freest from inconsistencies, and which has already attained the 
widest recognition. No American author, nor English, nor 
French can pretend to claim that his names are authoritative 
even in hisown country. Germany if not the mother is at least 
the foster-mother of petrography and the literature of every 
other country is small compared with her own. In Germany 
two men—2Zirkel and Rosenbusch—have won the highest re- 
cognition for their contributions to this branch of geology. 
Zirkel’s “Lehrbuch der Petrographie” (1866) while still the 
best for field petrography is already too old to represent the 

resent condition of the science. Of more recent works, Zir- 

el’s “ Mikroskopische Beschaffenheit der Mineralien und Ge- 
steine” (1873) and Rosenbusch’s “ Mikroskopische Physiogra- 
phie der massigen Gesteine ” (1877) are most worthy of being 
cited. The latter is later and goes more systematically over 
the entire field. I think Rosenbusch’s names are better chosen 
and capable of better defense than Zirkel’s, where they differ. 
I shall follow Rosenbusch in the series of papers which I pro- 
pose to present to the Academy of Sciences of California on the 
rocks of the Pacific coast. 


SUMMARY. 


Permanence of rock-names is desirable ; hence names should 
not be dependent in any manner upon the system of rock-clas- 
sification, for classifications change. 

The names of rocks should be unzform, i. e., used in the same 
sense by all geologists; they should be stab/e, i. e., not subject 
to change; they should be adaptable, i. e., to the somewhat 
variable nature of each rock. 

In forming rock-names both facts and theories offer them- 
selves as determining elements. The latter should be rejected 
as they admit of honest differences of opinion. Of facts, we 
have chemical, geological and mineralogical at our disposal. 

Both chemical and geological facts should be rejected in de- 
termining rock-names, because mineralogical (and textural) 
differences among massive crystalline rocks can be adequately 
expressed by a purely mineralogical (and textural) nomenclature, 
and where such differences do not exist, it is undesirable to 
have names based upon geological or slight chemical differences. 
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It is only by the adoption of names based upon purely mine- 
ralogical differences that we can hope to obtain a nomenclature 
that shall conform to the three fundamental principles of Uni- 
formity, Stability, and Adaptability. 

As it is not to be hoped that a sweeping reform in petro- 
graphical nomenclature can be carried out at once, the good of 
the science requires that at least the first and most important of 
these principles, viz: Uniformity, should be recognized and in 
conformity therewith that al! should use some one published 
and easily accessible system of names until a betfer complete sys- 
tem of names can be offered with some chance that it may be 
generally adopted. 

In the opinion of the writer, the nomenclature of Rosenbusch 
as nontel in his “ Massige Gesteine, 1877,” is the most widely 
recognized and the best now accessible. 

University of Cal., Berkeley. 


Art. XVI.—Communications from the U. S. Geol. Survey, Rocky 
Mountain Division. 1. On the Minerals, mainly Zeolites, occur- 
ring in the basalt of Table Mountain, near Golden, Colorado ; 
by WuirmMan Cross and W. F. HILLEBRAND. 


(Continued from page 458, vol. xxiii.) 
4. APOPHYLLITE. 


THIS mineral occurs in well-developed crystals of prismatic 
habitus, with 7-7 (a Pa#) and 1(P) predominating, while 0(0P) 
is in most cases quite subordinate, or wanting entirely. The 
larger crystals, which are occasionally half an inch in diameter, 
are often of a greenish tinge, sometimes quite pronounced, and 
possess more or less uneven surfaces produced by a repetition 
of the erystal faces, so that the termination is made up of a 
large number of small pyramids. 

The prismatic surfaces are roughened by depressions or ele- 
vations, bounded by prism and pyramid planes. This feature 
is very prominent in all large crystals. The smaller ones are 
in contrast sharp and clear, with smooth, brilliant faces. Espe- 
cially noticeable on these small and clear crystals, though not 
peculiar to them, is a replacement of the pole edge of the pyr- 
amid, by asmall reéntering angle formed by pyramid faces. 
This angle is nowhere prominent, yet may be easily identified 
on all clear crystals both large and small. No corresponding 
irregularity of any kind could be detected on the dimetric 
prism of these crystals. 

As a rule, the largest crystals occur in the small cavities, 
and their growth has been more or less hemmed by the walls, 

Am, Jour. Sc1.—Tuirp Series, VoL. XXIV, No. 140.—Avevst, 1882, 


9 4 


130 Cross and Hillehbrand—Minerals in the basalt of 


while the more perfect crystals are present in the large cavities, 
and are usually small and numerous. 

In time of deposition apophyllite follows analeite. The opti- 
cal properties of this apophyllite are noteworthy in so much as 
they seem to indicate very clearly the cause of the anomalous 
action, so often noticed in that mineral. No hypothesis of a 
complicated twin structure, such as that of Rumpf,* to cite the 
most recent, as well as the clearest and most consistent, can 
explain the phenomena observed in this apophyllite. While 
an extended description of the observed anomalies is impossi- 
ble in this notice, the chief features will be given. 

If from a small, clear crystal from Table Mountain a section 
be taken parallel to the base (0) and so situated that it cuts 
both pyramid (1) and dimetric prism (#2), an eight-sided fig- 
ure results (see fig. 1), in which the outlines of the pyramid 
will be referred to as those of the normal prism (/). 

Such a section seen between crossed Nicols, whose principal 
sections lie parallel to the diagonals of / (position I), presents 

an appearance indicated by the diagram, fig. 1. 
There appears, namely, a dark square, whose 
sides lie parallel to the outlines of the prism 
(7), with dark lines running to the outlines of 
77, and perpendicular to the same, thus coin- 
ciding with the diagonals of 4 The dark 
square and lines are well defined. The outer 
zone, divided by the dark lines into four seg- 
ments, is in position I at its maximum of brightness. 

On revolving the section through 45°, or until the principal 
sections of the Nicols coincide with diagonals of 7-7 (position IJ), 
the whole field becomes equally dark, and the interference 
cross of the calcite plate suffers no distortion in any part of the 
section. 

The dark square and lines revolve with the section, and the 
darkening of the outer zone is gradual. It is in but few cases, 
however, that the action of a crystal agrees entirely with the 
above. The variations can, however, be most easily described 
and best understood by comparison with that action as a basis. 

In the first place, the outline of the dark figure is seldom that 
of a true square, its sides being usually more or less broken 
lines, even when the angles remain nearly or quite 90°. It may, 
too, resemble a rectangle rather than a square. The dark lines 
subdividing the outer zone are less frequently variable than the 
outlines of the figure. In proportion as the form of the dark 
figure approaches the square in regularity, so is the optical 
behavior of the space enclosed uniform. In one case observed, 

* J. Rumpf “ Ueber den Krystallbau des Apophyllits’’ Min. und petr. Mitthel- 
ewngen von (+. Tschermak, Neue Folge, ii, 369 (1879). 
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a section placed in position IT was wholly dark, excepting at one 
of the angles of the square, where a faint light was visible, 
producing distortion of the calcite interference cross at this 
point. In another section, in position I, the dark figure was 
not completely dark, there being light enough to admit of the 
distinet appearance of two perfect black crosses, whose thick 
bushy arms lay parallel to the diagonals of prism I, and which, 
revolving with the section, disappeared entirely in position II, 
All but transmitted light must be excluded, in order to see 
these crosses distinctly, as the whole of the square is still very 
dark in contrast with the outer zone. In cases where the 
boundaries of the dark figure are much-broken lines, the space 
within is commonly div ided into a number of irregular patches, 
each with its black cross, seen in position IL In such eases, too, 
the whole field does not become uniformly dark in any posi- 
tion. The size of the dark figure relative to that of the section 
varies greatly. In most cases the relation is similar to that of 
fig. 1; while in some prismatic sections the dark square is 
larger than can be inscribed within the prism, its angles being 
cut off by the outlines of 7-2 Again, the dark figure becomes 
very small, though in no ease yet observed has it been entirely 
wanting. 

It is impossible to indicate all the irregularities observed, 
within the limits of this article, and the fuller description of 
these interesting phenomena must be reserved for the final 
report on the region embracing Table Mountain. 

None of the sections thus far prepared, parallel to the prism 
i-t, have exhibited any marked abnormal properties. 

Tt is thought that thé degree of variation, in the optical prop- 
erties, from the simplest form illustrated by fig. 1, stands in 
intimate relation to the degree of irregularity in crystal growth 
indicated by the faceted surfaces. Certainly no hypothesis, 
however ingenious, which considers the tetragonal symmetry of 
apophyllite as a result of intricate polysynthetie twin structure 
of rhombic or monoclinic individuals (that of Rumpf 1. ¢.), can 
explain the present case with a tithe of the plausibility with 
which the theory of énner tension* is able to do it. 

It is hoped that further investigations will prove the direct 
applicability of this latter theory to the present instance. 


* As leading instances of the application of this theory to the explanation of 
optical anomalies in minerals may be mentioned :— 


(a.) C, Klein, ** Ueber den Boracit,”’ Neues Jahrbuch fiir Mineralogie, etc., 1880, 
ii, p. 209. 

(b.) C. Klein, “ Zur Frage tiber das Krystallsystem des Boracits,” ibid., 1881, i, 
p. 239. 

(c.) Alfredo Ben-Saude, ‘‘ Ueber den Analcim,” ibid., 1882, i, p. 41. 

(d.) F. Klocke, ‘Ueber Doppelbrechung reguliren Krystalle,” ibid., 1880, i, p. 
53. 
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F. Klocke * in a critical review of Rumpf's hypothesis (1. ¢.), 
advocated the theory of inner tension (Spannung) in explana- 
tion of the anomalous optical behavior of apophyllite. He also 
showed that Rumpf’s hypothesis could not correctly explain 
phenomena in apophyllite much simpler than those above 
described. 

In chemical composition this apophyllite is quite normal, 
the fresh substance yielding the following: 

"886 
540 
3°809 
‘TOO 


691 
‘716 


975 


Considering all potassium and sodium as combined with fluo- 
rine, the following oxygen ratios are afforded : 


RO : SiO. : H,O 

The theoretical proportion 1:4:2 would be still nearer ap- 
proached were it not fora probable slight loss of silica and excess 
of water, scarcely to be avoided in analyses of silicates contain- 
ing fluorine. The Fe,O, is undoubtedly owing to minute parti- 
cles of limonite, which could not be completely removed. The 
Al,0, is much higher than in most analyses, and the condition 
in which it is present seems undeterminable. 

Much of the Table Mountain apophyllite has suffered altera- 
tion to a snowy-white substance resembling that commonly 
known as albine. Knop+ has proved, for many cases at least, 
that this latter substance is calcite. At Table Mountain, how- 
ever, although the end product resembles albine, it is in reality 
of totally different nature. 

Up to the present time it has been impossible to procure the 
alteration product, sufficiently free from fresh or partially de- 
composed apophyllite, to allow of its exact determination. 
From analyses made, it is certain that Fl, the alkalies and Ca 
decrease markedly, while the percentages of SiO,, Al,O, and 
H,O increase greatly. 

*F. Klocke, review of Rumpf's article, ‘Ueber den Krystallbau des Apophyl- 


lits,’ in “ Neues Jahrbuch,” ete., 1880, ii, p. 11. 
+ In Blum, “ Die Pseudomorphosen, etc., Dritter Nachtrag,” 1863, p. 41. 
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There is no calcite in the product at all. The substance is 
light, has a pearly luster, sal is finely foliated parallel to the 
basal plane of the apophyllite. The alteration proceeds from 
without. Further data concerning the substance and the pro- 
‘cess of alteration will be given in the final report. 


5. CALcire. 


The carbonate of calcium has had three periods of deposition 
in the basaltic cavities of Table Mountain—two as caleite, and 
one as aragonite. 

In the form of wine-yellow crystals, it preceded even chaba- 
zite, being in all observed cases deposited directly on the basalt, 
and coated usually by chabazite or thomsonite. 

It is rarely found in those cavities to which water has had 
access through fissures, having been dissolved. 

The second deposit of calcite came after apophyllite. These 
erystals are colorless or slightly straw-yellow, and the form of 
both varieties is commonly that of a sharp scalenohedron ter- 
minated by a low rhombohedron. 

The aragonite is present only as a snow-white incrustation, 
apparently with a special tendency to deposition upon chaba- 
zite, though often noticed on apophyllite and thomsonite. It 
was next to the last mineral deposited, only mesolite having 
been observed upon it. 


6. 


Mesolite is the last of the minerals deposited at the locality 
on North Table Mountain, where all of the species thus far 
described occur so often together, that their order of succes- 
sion is plain (this Journal, June). The mineral appears uni- 
formly in masses composed of exceedingly delicate needles, 
loosely grouped together, very much like the spicules of a fine 
sponge. Such light aggregates frequently fill the smaller cav- 
ities entirely. In the larger ones, the bases of the rounded 
bunches, 1 to 2 inches in diameter, often touch each other. 
The very latest deposition, the finishing touch so to speak, is a 
thin film, coating the whole mass. This is sometimes a con- 
tinuous membrane, and in other cases more like a thick cob- 
web. The exquisite delicacy of some of these films is quite 
wonderful. In rare cases, bunches on the upper and lower 
walls of a cavity are united by such a membrane. Single 
needles are clear, but the aggregate appears pure white. 

As was mentioned under thomsonite, the loose aggregates of 
the second generation of that mineral, seem specially suited to 
attract the deposition of mesolite. 
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None of the mesolite needles are large enough to allow any 
determination of their crystal form, even under the microscope 
at a high power. ‘They seem simply like very fine transparent 
hairs. The identification as mesolite, rests therefore, on the 
following chemical analysis: 

a b 
SiO. 46°138 46:020 
26°880 26°870 
CaO 8770 
Na,O 6190 
H,O 12'168 12°169 
100°146 

Oxygen ratio: 

RO : R,O; : SiO. : H.O 
1 3°06 599 2°63 

If mesolite be considered as a mixture of the isomorphous 
silicates contained in scolecite (CaAl,Si,0,)+5 aq) and natrolite 
(Na, aq), the present occurrence would answer very 
nearly to the requirements of the combination of 2 of scolecite 
+1 of natrolite, the percentages of which would be SiO, 
46°32, Al,O,; 26:40, CaO 9°61, Na,O 5°32, H,O 12°35 =100-00., 

With mesolite ends the chief series of Table Mountain 
zeolites. The species described are for the most part clear or 
colorless, and well defined in crystallization, while they oceur 
so often associated as to make the order in which they have 
been described a perfectly natural one. 


A second series of zeolitic minerals will now be taken up, the 
members of which, in time and manner of deposition, and par- 
tially also in composition, are very distinct from those already 
mentioned. 

In the previous article (this Journal, June) chabazite was 
stated to be “the oldest of the zeolites, with the exception of 
certain peculiar stratified deposits in some of the cavities.” 
Since then the character of these deposits has been determined, 
and an interesting association of minerals discovered. 

The attention of an observer in the zeolitic zone of Table 
Mountain is immediately attracted to a reddish-yellow sand- 
stone-like material, which occurs in many of the cavities. In 
the larger ones it takes the form of a floor, the upper surface 
being horizontal, and the deposit may be several inches in 
thickness. Small cavities have been completely filled by it, 
and it is clear that the deposition has taken place from the 
bottom of each cavity, upward. 

In parts of South Table Mountain especially, the same ma- 
terial has filled fissures. Usually the dower portion of such 
masses is composed of a reddish-yellow mineral, in irregular 
grains, which form a compact aggregate, in which lie isolated 
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spherules of a similarly colored radiate mineral. These 
spherules are seldom more than 2" in diameter, and are very 
perfect spheres. They increase in number upward and finally 
compose the greater part of the deposit. 

In one cavity, 6 to 8 feet in horizontal diameter and about 
two feet in height, the deposit is quite different. Here the 
main mass is loosely granular, and is formed chiefly by a 
bright greenish-yellow mineral, while a stratified appearance is 
produced by layers of a white or colorless mineral. Some of 
the light layers are chiefly made up of easily recognizable 
stilbite, and the same mineral in distinct tablets forms the 
upper layer of the whole deposit. There are also irregular 
seams of white running through the yellow mineral. 

The determination of the minerals in these deposits began 
with the greenish-yellow sand of this last mentioned cavity, 
and the description will follow the same order. 

If the loose sand be placed under the microscope with a 
power of about fifteen diameters, it is seen to consist of pris- 
matic grains, mostly with broken terminations. Many of the 
grains are clear and transparent, with the greenish-yellow color 
mentioned, while others are dull. The clear prisms polarize 
strongly, and extinction takes place at an angle of 35° to 40° 
with the vertical axis. 

On splitting open some of the white layers, surfaces are ob- 
tained, showing minute, stout prismatic crystals, which, seen 
under the microscope, present the same habitus as the yellow 
grains. The prism angles are nearly 86° and 94°, and the 
termination is usually formed by an oblique plane, like a 
hemidome of the monoclinic system. The optical orientation 
is the same as in the yellow crystals, and corresponds also to 
the requirements of the monoclinic system so far as can be 
determined. The properties given agree with those of laumon- 
tite, and in the light of the following analyses, the identifica- 
tion of both yellow and white crystals with that mineral seems 


entirely justifiable. 
a b 
Yellow grains. White crystals. 

SiO, 51-738 52-835 
Al,O5 21649 21619 

CaO 11-949 11-406 
Na,O 0-484 
K,0 0°352 0-424 
H.O 13-297 13°324 


100°123 100-092 


Oxygen ratios: 
RO : : SiO, : 
b 1 : 293 : 816 : 


3°35 
i. 
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Aside from the H,O, these ratios agree closely with the theo- 
retical requirements of laumontite 1:3:8: 4, especially as it 
ean scarcely be supposed that the material was absolutely pure. 
It is quite probable that a small amount of stilbite was in- 
cluded with J, which would explain the high percentage of 
SiO,. 

In regard to the amount of water found it is only necessary 
to suppose that the dull particles have lost a part of their 
water, while the transparent grains are entirely fresh, in order 
to explain the relation of water to the other constituents as 
shown in the above ratios, a supposition in full accord with 
the characteristic tendency of laumontite to lose its water on 
exposure. 

he mineral is not quite so easily fusible before the blow- 
pipe as typical laumontite should be, according to the text- 
books, but the difference is not sufficiently pronounced to be 
considered abnormal. 

Turning now to the more compact reddish-yellow deposits, 
which correspond so closely to the one described, the same 
constituent minerals were sought for. Some small cracks or 
fissures, usually ending blindly in the yellow mass, were no- 
ticed, some of which were only partially filled with minute 
white crystals. On splitting the mass open, along such a half- 
filled crack, two surfaces were obtained, coated with minute, 
but exceedingly perfect clear crystals, easily recognizable under 
the microscope, as laumontite and stilbite. The little crystals 
of the former show occasionally the clinopinacoid, and a steep 
positive orthodome in addition to the prism and basis. 

The sand obtained by simple fracture of the yellow, massive 
portion, on being placed under the microscope, is seen to con- 
sist largely of fragments of tabular crystals, the angles of 
which, so far as they are determinable, correspond to stilbite. 
The grains which are not evident fragments of tablets, are in 
part roughly prismatic, though seldom showing definite faces ; 
neither could the optical action be satisfactorily determined. 

Chemical analyses were made from two different specimens 
of the yellow granular mass, care being taken to exclude all 
reddish spherules. The results are given under ¢ and d below. 


c e 

SiO, 55°370 54°80: 40°518 
Al,O, 17°641 29°216 
Fe,0, 0-790 0-788 
CaO 8525 “41% 12°427 
K.0 0-173 

Na,O 4°306 
H,O 16°278 177040 12°794 


100°206 100°140 100°049 
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The oxygen ratios are: 
RO : R20; : SiO, : 
c 1: 2°99 : 1042: 511 
d 1: 3°00 : 10-42: 5-40 

This composition is such as would result from a mixture 
of stilbite and laumontite, and although the latter mineral 
could not be positively identified in the sand examined with 
the microscope, there seems to be no good ground for doubt- 
ing that it is actually present. 

It seems remarkable that the material from two different 
‘avities should contain the two minerals in so nearly the same 
proportions, as indicated by the analyses. 

Concerning the reddish spherules, no data of importance 
could be obtained except by chemical analysis. Under eabove 
is given the composition found for this substance in material 
which was apparently very pure. 

The oxygen ratio for this, is: 

RO: R,O;: SiO, : H,O 
1: 2°98 4°64 2°44 

These figures agree so well with those obtained for the 
thomsonite of the first series (see Analysis I in June number, 
this Journal), viz: 

1: 3°09: 476; 2°51 
that in absence of anything to the contrary, the identity of 
the two substances can scarcely be doubted. It was noticed 
here as in the other thomsonite, that about 2 per cent of the 
water could be expelled only at a very high temperature. 

Thomsonite in the form of these reddish spherules has been 
deposited locally in great abundance in irregular cavities on 
the upper surface of the lower sheet of basalt, and also in the 
angular spaces, formed where the scoriaceous crust of the flow 
has been broken or crumpled. It is here deposited alone, free 
from stilbite and laumontite, but the spherules are exactly sim- 
ilar in size and appearance to those formed in the cavities 
below. 

The ferric oxide in all these minerals seems to replace a 
portion of the alumina. 

The occurrence of cavities containing these stratified de- 
posits side by side with those entirely free from anything of 
the kind is very interesting. It seems to be explainable with 
plausibility on the theory that fissures formerly led into those 
cavities containing the reddish deposits, which were naturally 
followed by percolating waters. 

The formation of zeolites in all cavities alike could only 
begin after the filling up of these fissures by the deposition of 
mineral matter. In support of this theory, it was noticed that 
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in no case were the reddish deposits formed upon any clear 
mineral of the first series described, and that in all cases where 
minerals of the first series were formed in cavities containing 
the stratified deposits, they occurred in the same order and 
manner as in any other cavity, being situated on the roof and 
sides as well as upon the floor. Fissures filled with these red- 
dish minerals were in fact seen in several cases leading into 
cavities containing stratified deposits of the same minerals. 

In a third article, still other zeolitie species from Table 
Mountain will be described. 


Art. XVIT.—On a Property of the Isentropie Curve for a Perfect 
Gas as drawn upon the Thermodynamic Surface of Pressure, 
Volume and Temperature ;* by FRANcIS E. NIPHER. 


THE equation of this thermodynamic surface is 
pv = RT, (1) 

where p, v, T represent the pressure, volume and absolute tem- 

perature, and where R is directly proportional to the volume of 

a unit mass (or inversely proportional to the density) of the gas 

at a standar< temperature and pressure. 

By differentiation (1) becomes 


dp dv (2) 


For convenience putting 


—=A, 


and (2) becomes 


dp = AdT — Bde. (3) 


1°. To find the direction of maximum slope with respect to 
the v,T plane at any point on the surface. For this purpose 
pass a plane through any point in the surface, and at right 
angles to the v,T plane. Its trace upon the v,T plane is 
= 6 + av, (4) 
p being indeterminate; where a is the tangent of the angle 
which the trace makes with the v axis, or 
dT 
a= —. 5 
(5) 


From (8) and (5) we have 
dp = (Aa —B) de. (6) 


* From Trans. of St. Louis Academy of Science, read April 3, 1882. 
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Calling S the slope of any element of the intersection of the 
plane and the surface, dz being the projection of the element 
on the v,T plane, we have 

dp dp 
7 
dz 
which by (5) becomes 
and by (6) we have further 
Aa—B 


Vi+a 
In determining the direction of maximum slope at any point, 


it is evident that A and B will be constant, which gives as the 
required condition, 


(8) 


ds A+Ba_, 


Substituting the values of A and B, we have 


v R 


For very low pressures, the direction of maximum _ slope 2 
becomes more and more nearly at right angles to the plane of 
pv; while for high pressures this direction becomes more and 
more nearly parallel to the plane of p, v. The direction of 
maximum slope is constant along a line of constant pressure. 
2°. To find the direction of the isentropic line at any point 
on the surface, as related to the direction of maximum slope 
determined in (9). 
Poisson’s equation : 
Tv*'=const. (10) 
is a projection of the isentropic line upon the plane of v, T, 
where & is the ratio of the specific heats = 1°41. 
Calling a’ the tangent of the angle which any element of this 
projection makes with the v axis, we have 
aT 
a =—- tani. 
dv 
This value of a’ is obtained by differentiating (10) and is 
found to be 
aT 


(11) 
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Here also the condition of constant pressure gives a constant 
value for a’. Hence, at any point along any line of constant 
pressure the projection of an element of the isentropic line, 
upon the v, T plane, makes a constant angle with the projected 
line of greatest slope at the same point. 

From equations (9) and (11) it follows that 


from which it will appear that for either very high or very low 
pressure the isentropic line runs at right angles to the direction 
of greatest slope. The condition that it shall coincide with the 
direction of greatest slope is 


tan =" 


Vk—1 
For air this pressure is about 3:2 millimeters of mercury, and 

for other gases it is proportional to the volumes of a unit mass, 

at a standard temperature and pressure. 

The thermodynamic surfaces of various gases will lie the one 
above the other, those having the largest value of R being 
uppermost. If we now substitute the value of p’ of (13) in the 
original equation of the surface, we have 


(13) 


v= Vk—1T, (14) 


which is independent of R. Hence, for all gases which follow 
the law represented in (1) the lines on their respective surfaces, 
where the isentropic lines coincide with the direction of maxi- 
mum slope (13), will all lie in a common plane passing through 
the axis of P and at right angles to the plane of v, T, its trace 
upon the latter plane being represented by (14). 

If the gases have a common temperature while in this condi- 
tion, (14) shows that they will also have a common density, 
which when T is 273° will be 0°000058 grams to the cubic 
centimeter. 

It will be observed that for air, the pressure indicated in (13) 
is practically the same as that at which Maxwell's law for vis- 
cosity begins to fail. This, however, is a mere coincidence. 
The two phenomena have nothing in common, as is evident 
both from theoretical considerations and from experimental 
results. 


Washington University, March 30, 1882. 
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SCIENTIFIC INTELLIGENCE. 


J. CHEMISTRY AND PuHysiIcs. 


1. On the Constitution of Solutions.—Kréss has applied the 
spectroscope to the determination of the constitution of solutions, 
It is well known that the absorption-spectrum of a solution con- 
taining two or more colored substances does not correspond in all 
cases to the sum of the separate spectra. Whether this has a 
chemical or physical cause has not been settled, though the 
former is generally assumed, For the comparison of single spec- 
tra, Kriiss used absorption cells with parallel glass sides, the 
width of the cell being exactly 5"" and the sides being 2"™ thick, 
and called a. Two of these cells, containing different liquids and 
laced one behind the other, gave the physically mixed spectra. 
Por the chemically mixed spectra the two solutions were mixed 
in the proportion of 1:1 and placed in a glass cell whose interior 
width was 10+¢@"", and whose glass sides were a" thick. <A 
glass plate of thickness @ was placed within the liquid and a 
second one outside, both being perpendicular to the light-rays. 
The liquid layer has thus the same thickness as in the previous 
case, 10™, the glass absorbing layer has the same thickness, 4a, 
and there are as before 4 reflections between liquid and glass and 
4 between air and glass. As an illustration, the action of aque- 
ous solutions of pararosaniline (fuchsine), and trinitrophenol 
(picric acid), is described. The former showed the strong absorp- 
tion bands from A=570°4 to 5182 the intensity diminishing— 
with the exception of a band A=485—toward the more refrangi- 
ble end to A=429°6, where it again suddenly increased, The lat- 
ter showed no distinct color between A=483°8 and the violet. 
When the two cells were interposed, the strong bands at 
A=570°4—518°2 appeared, and also the strong absorption begin- 
ning at A=483°8. When a mixture of the two solutions was 
examined, the absorption bands A=570°4 —518°2 had disappeared 
and a pretty strong absorption from A=576-9 toward the violet 
had taken its place, while from A=483°8 no distinct color could 
be recognized. These changes have unquestionably a chemical 
origin. If, however, solutions of neutral potassium chromate and 
ammonium-cupric sulphate be mixed, no distinction can be 
observed qualitatively between the spectrum of the mixture and 
the sum of the two single spectra. When these spectra are 
examined quantitatively by Vierordt’s method, on the other 
hand, using a solution of the former salt of the concentration 
y=0°01805 grams in 1¢, and one of the latter of e=0°02 grams, 
the superposed spectra show in the region E26F—E45F, a light- 
intensity of 0°2366 and E63F—ES80F of 0°361, corresponding to 
the extinction-coéflicients ¢==0°52784 and ¢,=0°44250. These 
coéfticients, calculated by Vierordt’s forma from his data, are 
identical with the above values within the limits of error, In 
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the region E26F—E45F, the absorption-constant for ammonium- 
cupric sulphate is a@=0°02192 and for potassium chromate 
f=0°1292; and in the region E63F—Es0F it is y=0°03472 for 
the former, and 6=0°05937 for the latter. From the formula 


,=5- vr the value of €,==0°52611 for the former region, and 


=0-44003 for the latter. But when the two solu- 
tions are mixed, the extinction-coéfficient ¢,=0°21468 and ¢,= 
0°07573. These values differ so much from the others as to jus- 
tify the conclusion that a chemical action of some kind has taken 
place. If solutions of potassium chromate and dichromate, or of 
permanganate and dichromate are mixed, the spectrum of the 
mixture is identical with that of the sum of the single spectra, 
Hence the author concludes that spectrum analysis gives a con- 
venient, rapid and certain method of determining whether in solu- 
tions containing two or more coloring matters these substances 
act chemically on one another or may be mixed together without 
any chemical change taking place.— Ber. Berl. Chem. Ges., xv, 
1243, June, 1882. G. F. B, 
2. On the Vapor-density of Bromine.—J aun has determined 
in Ludwig’s laboratory the vapor-density of bromine. The mate- 
rial was carefully purified, and had a constant boiling point of 
63°07° C. The vapor-density was determined by Bunsen’s 
method somewhat modified. The first series of determinations 
was made at 102°6° C., and gave (@) 5°7225, (b) 5°7388, (¢) 5°7228; 
mean, 5°728. The second series, at 131°92° C., gave (a) 5°635, (d) 
5°646, (c) 5°638; mean, 5°640, The third gave at 175°58° C., (@) 
5°603, (6) 5°605; mean, 5604, The fourth, at 210°32° C., gave 
(a) 5°542, (b) 5°549; mean, 5546. The fifth, at 227°92° C., (a) 
5°5241, (6) 5°5245, (¢) 5°5244; mean, 55243. Taking Stas’s 
value for the atomic weight 79°951, the caleulated vapor-density 


§ ———==5'5247; a value practically identical with that last 


28°943 
given. If further the expansion be assumed to increase with the 
temperature and in the linear formula D=¢+/f, the value of the 
constants @ and 4 be calculated from the above data by the 
method of least squares, @ is found to be 5'8691 and d= 
—0°00153. Substituting in the formula, the calculated values 
are obtained for the above temperatures. They agree with the 
experimental values very well except at 102°6° and 131°92°, 
Here the expansion curve is a conic section, the temperature 
being not far above the boiling point. Using, therefore, the 
quadratic formula D=55189—" + the calculated val- 
ues come out 5°729 at 102°6° and 5°638 at 131°92°. Beyond this 
point the linear equation holds. Calculating now the vapor-den- 
sity of bromine at temperatures exceeding its boiling point by 
intervals of 20°, the author finds that the deviation from the nor- 
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mal value becomes practically zero at 160° above this boiling 
point, chlorine reaching its normal density at 240° above its 
boiling point, and iodine at its boiling point. Jahn attributes 
this to molecular aggregation, the molecules becoming single and 
separate only at temperatures at which the vapor-density becomes 
normal.— Ber. Berl. Chem. @es., xv, 1238, June, 1882. G. F. 
3. New method for preparing Hyponitrous acid.—F or the pro- 
duetion of hyponitrous acid, HNO, the agents hitherto used for 
the reduction of the nitrate or nitrite have been sodium-amalgam 
or electrolysis, mercury being the negative electrode. Zorn has 
made a series of experiments on the subject and comes to the 
conclusion that the best reducing agent for this purpose is fer- 
rous hydrate. When freshly precipitated ferrous hydrate is 
placed in a solution of sodium nitrate or nitrite, it reduces it 
energetically, evolving heat and becoming ferric hydrate. There 
results hyponitrous oxide, hyponitrous acid, ammonia and nitro- 
gen. In practice, pure ferrous sulphate is dissolved in water and 
mixed with milk of lime, avoiding an excess, and leaving the 
solution slightly acid. To this thin magma is added, a solution 
of sodium nitrite (one part of the nitrite being used for every 10: 
parts of the ferrous sulphate) and the whole is well cooled. The 
mass foams, and the reduction is effected in a few hours. It is 
strained and filtered, carefully neutralized with acetic acid, and 
precipitated with silver nitrate. The precipitate of silver hypo- 
nitrite is perfectly pure since by this method of reduction no 
oydroxylamine is formed, and therefore no metallic silver is 
mixed with the precipitated hyponitrite. From 100 grams 
nitrite and one kilometer of ferrous sulphate, 10 grams pure sil- 
ver hyponitrite was obtained.— Ber, Berl. Chem. Ges., xv, 1258, 
June, 1882. G. F. B. 
4. On an Apparatus for Liquefying Gases —ReYNOLDs has 
described a simple form of apparatus for liquefying ammonia gas, 
which may be used with other gases as well. It consists of a 
U-tube, made of gas pipe, the sides of which are 12° internal 
diameter, and the bottom pipe 5 or 6°". One of the sides is 40° 
long, the other is 30; the bottom piece is 25° in length, and is 
screwed firmiy at its ends into caps on the lower ends of the side 
tubes. Upon the upper end of the shorter side a cap is screwed, 
fitted to support a glass Cailletet tube, the capillary portion of 
which rises above its top. The upper end of the longer side is 
also furnished with a cap. The Cailletet tube having been filled 
with pure dry ammonia gas in the usual way, is immersed in the 
mercury, with which the apparatus has been filled, and the cap 
screwed on. Mercury is then removed from the longer leg, leay- 
ing a space of 12° between the metal and the cap. This space 
is then filled with the strongest solution of ammonia, and the cap 
is firmly screwed on. If now this tube be heated gradually with 
a Bunsen burner, the ammonia gas set free by the heat exerts 
pressure upon the mercury and so compresses the gas in the 
Cailletet tube until finally liquefaction is produced and a layer of 
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the liquefied gas appears in the capillary portion of the tube. 
On cooling, the gas is reabsorbed.—/. Chem, Soc., xli, 259, June, 
1882. G. F. B. 

5. Function of two ears in the perception of space.—Protessor 
Strvanus P. THompson concludes from a review of rival theories 
that “Judgments as to the direction of sounds are based, in 
general, upon the sensations of different intensity in the two ears; 
but the perceived difference of intensity upon which a judgment 
is based is not usually the difference in intensity of the lowest or 
fundamental tone of the compound sound (“or clang”) but upon 
the difference in intensity of the individual tone or tones of the 
clang for which the intensity-difference has the greatest effective 
result on the quality of the sound.”—Phil. Mag., June, 1882, pp. 
406-416. J. 

6. Vapor tension of mercury.—At a meeting of the Physical 
Society in Berlin, May 26, Dr. HaGen discussed the results of 
Regnault on the vapor tension of mercury, and gave the results 
of his own determinations. Dr. Hagen’s apparatus consisted of 
a V-shaped tube, having at the lower part a long straight tube 
united to it by fusion, while above either branch terminated in a 
tube twice bent at a right angle, and closed at the lower end. 
By means of a Hagen air-pump this tube system was gradually 
evacuated to a pressure of 1-12,000,000 mm. mercury, and the 
long straight tube opened under mercury at the lower end. The 
mereury rose in both branches of the V-tube to barometric 
height. One of the lateral ends of the apparatus was now kept 
constant at 0°; while the other was first cooled to —42°, and 
then heated to various temperatures; each time the position of 
the mercury in the two branches was observed with a cathetom- 
eter, and the difference of their heights gave the vapor tension. 
The values so obtained were less for all temperatures than those 
given by Regnault. Dr. Hagen concludes “that the Regnault 
values for the vapor tension of mercury, which have passed into 
text books, are too large.”— Nature, June 15, 1882. 

7. Electrostatic dimensions of a magnetic pole.—Ciavsivs gives 
his reasons for believing that Maxwell’s expression for the di- 


mensions of the unit of static magnetism, viz: [mJ=[MiL? is 
wrong and that the true value of this unit should be [m,]= 


reir]; Professor J. J. Thomson defends Maxwell and 
shows that Maxwell’s value results from the introduction of 
the magnetic permeability of the medium. Mr. W. D. Niven sug- 
gests that the value given by Clausius for the dimensions of a 
magnetic pole does not make the magnetic force between two 
such poles of the dimensions of a force, which ought to be the 
case.— Phil. Mag., June, 1882, pp. 381-398 et 427-429, 3. 7. 

8. The electricity of flames.—Several observers have investi- 
gated the electricity of flames and have arrived at various con- 
clusions, which may be classed as follows :— 

1.) The electricity of flames depends upon the process of com- 


bustion (Pouillet, Hankel). 
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(2.) The flame behaves like an electrolyte to the metal electrodes 
which are immersed in it (Matteucci). 

(3.) The explanation of the electricity of flames is found in the 
thermoelectric difference of the electrodes (Buff). 

Julius Elster and Hans Geitel believe that previous observers 
have overlooked the influence which the heated layer of air out- 
side the flame exerts. On account of the great resistance of this 
air, observers who have used a galvanometer could not detect a 
difference of potential. They, however, used a Thomson’s elec- 
trometer and were enabled ‘to study the phenomena, believing 
that they were the first to use a Thomson’s electrometer for this 
purpose. The same method, however, was used by J. Trowbridge 
(this Journal, 1873). 

Their conclusions are as follows: 

(J.) The length polarization of the flame (Hankel) is only an 
apparent phenomenon and is due to the unequal immersion of the 
wires which serve as electrodes, 

(2.) The flame appears in section to be strongly polarized—and 
the electrode in the surrounding layer of air appears to be 
always positive toward the electrode in the flame. 

(3.) The electromotive force is independent of the size of the 
flame. 

(4.) The change of polarity of the flame is due to change of 
position of the electrodes. 

(5.) The electromotive force of the flame is dependent upon the 
nature of the metal from which the exploring electrodes is made, 
and also upon the nature of the burning gas. Aluminum and 
magnesium call forth strong electrical effects. If the electrode 
in the layer of air is covered with a salt the electrical effect is 
very weak. 

(6.) With the use of water electrodes and exclusion of metals, 
the electrical phenomenon of flames is also seen. The electrode 
in the outer layer of heated air is always positive to that in the 
flame itself. 

(7.) Flames can be combined in series just as batteries are 
joined for intensity— Ann. der Physik und Chemie, No. 6, pp. 
193-222, 1882. J.T. 

9. Nerr’s Phenomenon.—H. Broncersma has repeated Kerr’s 
experiments on “ A new relation between electricity and light,” 
Phil. Mag., No. 4 (50), p. 337, 1875, and has corroborated Kerr’s 
results which certain observers have failed to repeat. Bron- 
gersma agrees with Rontgen that Kerr’s phenomena has a funda- 
mental importance in connection with the electrodynamie theory 
of light.— Ann. der Physik und Chemie, No. 6, pp. 222-233, 
1882, J. T. 

Am, JOUR. Series, VoL, XXIV, No. 140.—AvGusz, 1882. 
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II. GEoLoGy AND MINERALOGY. 


1. On the structure and movement of Glaciers.—M. F.-A. 
Foret, of Morges, Switzerland, has recently published (Bibl. 
Univ., II, vii, 329), an important memoir upon glaciers, embody- 
ing the results of observations by himself and M. Ed. Hagenbach- 
Bischoff, with a discussion of these results, and also of those obtained 
by other observers. His argument rests mainly upon the well 
attested fact that glacial ice has a distinctly crystalline granular 
structure, the mass being composed of a confused agglomer: ation of 
individual crystals, each optically distinct; and moreover, that 
the size of these crystalline grains increases from the upper margin 
of the glacier, at the limit of the névé, where they have the size 
of a hazel nut, down to the middle part, where the size is that of 
a walnut, and farther down to the extremity, where they are as 
large as a hen’s egg. For example, at the lower extremity of the 
Aletsch glacier, or that of the Rhone, the grains have a diameter 
of 7 or 8 centimeters. In regard to this gradual increase in size 
of the erystal-individuals, the author remarks that two supposi- 
tions are possible: either the growth of some grains must go on 
at the expense of others less favorably situated, one gaining what 
the next loses, and absorbing as much heat as is disengaged by 
the crystallization; or, each grain increases in size by means of 
the water which reaches it from above from the surtace of the 
glacier. Of these two hypotheses, the first is rejected on the 
ground that wherever observations have been made, they have 
shown the grains to be all of sensibly the same size in the same 
region, and not to be some small, others large, as this explanation 
would require. 

Accepting provisionally the second hypothesis, the author re- 
marks that for the increase in volume of the crystals there are 
needed: water, cold and favorable conditions. About the last 
point nothing is definitely known, but the others admit of further 
discussion, The water is believed to be afforded by the melting 
of the upper surface of the glacier under the influence of the heat 
of summer. This water runs over the surface of the ice, descends 
into the crevasses, and, if it be admitted that the ice contains 
capillary fissures, a point which is discussed later, much of i 
would be absorbed by the mass of the glacier and used in increas- 
ing the size of the crystalline grains ; the rest of the water flows 
off in the sub-glacial torrent. The ‘low temperature needed for 
the solidification of the absorbed water is believed to be due to 
the continued loss of heat during the winter, the glacier as a whole 
being a mass, the temperature of which can never be above zero, 
but may fall considerably below. The question as to the mean 
temperature of the ice at different seasons of the year is discussed 
at length, and the author concludes, for a variety of reasons 
which cannot be quoted here, that the middle of the mass of the 
glacier has probably a temperature at the end of the winter several 
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degrees below 0° C. This excess of cold would be partially ex- 
pended in causing the solidification of the water which, as already 
stated, is absorbed into its mass and thus goes to increase its vol- 
ume. The crystalline grains are then to be conceived as growing 
by accretion, successive layers being added to them, at the ex- 
pense of the water derived from surface melting, and in the pro- 
cess of the warming of the glacier which goes on during the sum- 
mer. 

Assuming the correctness of the results of Hugi, as to the in- 
crease in size of the crystalline grains, that is, in brief, that they 
increase from a diameter of 1 to one of 4 centimeters, taking 100 
years for the time of their development, the author finds that the 
annual increase in volume is 44 p. ¢. Assuming further that the 
cold of winter is all employed in bringing about this increase, it is 
‘alculated that the hypothesis advanced is satisfied if the temper- 
ature of the glacier descends in winter to —6°°8 C., or in round 
numbers —7° C. This temperature, the correctness of which is 
obviously dependent upon the accuracy of the assumed data as to 
the rate of increase of volume, is too low to be accepted and leads 
to the inference that a part of the increase is accomplished by a 
process different from that which has been described. Thus, at the 
end of the summer a considerable portion of the glacier must be 
at the temperature of melting ice, and in the capillary fissures be- 
tween the crystalline grains there must be water; now as the 
glacier cools down in the autumn, the first effect of the loss of heat 
would be the solidification of this water and the consequent in- 
crease in size of the crystalline grains. Taking into account this 
last point, the author regards that the temperature that would 
have to be assumed for the glacier at the end of the winter would 
be quite within the range of possibility. 

The hypothesis, which has been advanced, depends upon the 
assumption that the water can find its way into the interior of 
the glacial mass through the capillary fissures separating the 
individual grains. This point is one which is yet somewhat 
doubtful, and the author after considering the various observa- 
tions of Agassiz and others, which tell for and against the possi- 
bility of such a penetration of the water, discusses the question 
from a more theoretical standpoint, and concludes that the 
assumption of the impermeability of the glacier is contrary to 
fact. He promises further to make this a special subject of obser- 
vation at a later period. 

In regard to the cause of the movement of glaciers, M. Forei 
places himself on the side of Hugi and Grad in supporting the 
theory of expansion, although modifying somewhat their hypoth- 
esis. On the old dilatation theory, it was the expansion of the 
water contained in the capillary fissures at the moment of their 
solidification, to which the glacial movement was supposed to be 
due. Aceording to the view of M. Forel, however, this special 
expansion plays a subordinate part, and it is rather the gradual 
increase in volume of the crystalline grain due to the molecular 
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affinity which causes a crystal to grow in the mother-liquor in 
which it is placed. 

In discussing further the application of the hypothesis, a dis- 
tinction is made as to the course of events during the youth and 
during the old age of the glacier. The glacier may be divided 
into three parts. The first is in the elevated region where the 
glacier has its commencement, that of the névé. Here the heat 
of summer is not sufficient to melt the whole volume of the snow 
which falls during the year; only a part of the snow is consequently 
transformed into water and this penetrates into the layers below 
and is solidified there ; the temperature is much below the freezing 
point. This is the region of the infancy of the glacier. Follow- 
ing this comes the line of separation where the heat of summer is 
just sufficient to melt the winter’s snow, and there is no excess of 
heat to attack the ice. 

The second stage, that of the youth of the glacier, is found 
below this line of separation where the summer’s heat not only 
melts the snow, but also partially melts the ice; the water so 
formed is absorbed and assimilated by the ice, and the tempera- 
ture below the surface is even at the end of summer below zero. 
In this region the glacier is increasing in volume and consequently 
moving downward. Then follows a second line of separation, 
where the water absorbed is all used in the increase of volume of 
the glacial grain. At this point the sub-glacial torrent has its 
origin, and at the summer’s end the temper rature is at 0°, 

The third stage is that of the old age of the glacier, where the 
supply of water exceeds that needed to bring the temperature ot 
the ice back to 0°, the excess of water flows off in the glacial 
streams; the temperature of the ice is at 0° during the summer 
and the excess of the summer’s heat goes to cause the melting and 
destruction of the glacier, 

In concluding his interesting memoir, the author promises to 
test his hypothesis by further observations and experiments, bear- 
ing especially upon the questions as to the comparative size of the 
erystalline grains in the different parts of a glacier, and as to 
the possibility of the penetration of the surface water into the 
mass of the ice. 

Upper Silurian fossils in the metamorphic rocks of Bergen, 
Norway.—The discoveries of fossils in metamorphic rocks are 
increasing in numbers with the extension of careful observations. 
Mr. Hans H. Revuscn has a memoir on new discoveries of this 
kind in the peninsula of Bergen, illustrated by a colored geolog- 
ical map and plates, which is published by the University of 
Christiania, under the direction of Prof. Kjerulf. Bergen is in 60° 
N., on the west coast of Norway. The predominant rock is 
granitoid gneiss. With the gneiss, in conformable strata, occur 
various schists, with nearly vertical dip—dioryte schist with in- 
cluded beds of granulyte and gneiss, labradorite rock, argillitic 
and ordinary mica schist, chloritic mica schist, hornblende schist 
more or less chloritic, and in some parts epidotic and calciferous 
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gneiss; also thin strata of a conglomerate made up of compressed 
pebbles or stones, a feldspathic quartzyte, and intercalated layers 
of crystalline limestone containing fossils. In addition the region 
includes in parallel position with the rest and adjoining the cal- 
ciferous gneiss, a belt of “saussurite gabbro or greenstone.” The 
strike of the whole is about E.N.E.; and, according to the author, 
the limestone or marble, the various kinds of schist, including the 
gneiss and granulyte, together with the quartzyte and conglomer- 
ate, appear to make one “continued metamorphic series. 

He says: The various gneisses which appear to be included 
within the Silurian terrane, I am inclined to regard as sedimentary, 
strata originally formed of loose material such as gravel and sand 
of granite or gneiss origin; and the argillitic and ordinary mica 
schists, sometimes porphyritic, in which occur Trilobites and other 
animal remains at Vagtdalen, as once beds of clay or mud; the 
conglomerates as owing their thin and sometimes lance-shaped 
pebbles to the pressure attending the metamorphism ; and a green 
gneiss of Trengereid as probably an altered compressed breccia, 

The argillitic mica schist [hydromica schist 7] occurs in south- 
ern Bergen in two zones ; in both of them the fine grained argillitie 
schist graduates into coarse mica schist (muscovitic), and includes 
layers of gneiss; and both are fossiliferous. The fossils found 
near Oséren at Kuven, in lenticular masses of limestone, are 
Halysites catenulata, a species of Cyathophyllum, and a tubular 
fossil probably Syringophyllan organum; and at Valle, sections 
of Gasteropods reterred to Murchisonia or Subulites. In the 
northern of the two zones the argillitic mica schist is associated 
with quartzyte or quartzytic sandstone, a conglomerate partly 
chloritie, “ saussurite gabbro,” and hornblende schist. The argil-' 
litic mica schist contains scattered individuals or crystals of brown- 
ish mica transverse to the foliation; it has afforded /Zalysites 
catenulata, a Fuvosites, a Cyathophyllum, trilobites of the genera 
Calymene and Dalmanites, and Brachiopods, apparently indicat- 
ing the age to be “the lower part of the Upper Silurian ;” and 
the schist or slate of Ulven water has afforded Graptolites of the 
genera Rastrites and Monograptus, Figures are given on plates 
1 and 2, showing that the fossils are not doubtful appearances. 

In the northeastern part of Bergen, at Trengereid, there are, along 
with layers of fine-grained gneiss, calciferous mica schist, granu- 
lyte, quartzyte, and a conglomerate made of compressed pebbles ; 
there are also five beds of reddish marble in which are found 
hollow cylinders that appear to be erinoidal stems, and a “ closely 
netted chain-coral,” showing that the beds are of the same horizon 
as those of Oséren, 

3: Geological Examinations in Southern Colorado and North- 
ern New Mexico, of 1878 and 1879, by J. J. Srevenson, Prof. Geol. 
Univ. City of New York, with an ” Appendix upon the Carbonifer- 
ous Invertebrate Fossils ‘of New Mexico, by C. A. Wurrr, M.D. 
420 pp. and App. of xxxvi. 8vo, with four plates and many wood 
cuts. Report of the U.S. Geological Survey West of the 100th 
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Meridian, in charge of Capt. G. M. Wheeler, Engineer Cc JOrps, U. 
8S. Army. W ashington, 1881, (Distributed i in June, 1882,}—Pro- 
fessor SrevENSON’s Report treats of the geology of North ‘Central 
New Mexico and South Central Colorado, between 37° 20’ N. and 
35° 20’ N. and west of 104° 74’ W. a region along the “ Spanish 
Ranges” and a continuation of the Sangre de Cristo Range—hav- 
ing the Rio Grande on the west and headwaters of the Arkansas 
on the east. To the north the mountains are high and sharp, one 
peak over 14000 ieet, while the southern part is comparatively 
gentle in slopes and crossed by roads. He describes the central 
portion of the mountain region from north to south as consisting 
mostly of Archean rocks; on the cast side and part of the top, 
Carboniferous beds, resting on the Archean; next east, overlying 
the Carboniferous or else the Archian, Cretaceous strata of the 
Dakota, Colorado and Laramie groups, excepting some doubtful 
sandstones that may be Jura-Trias; and of Tertiary beds in the 
vicinity of Galisteo Creek, New Mexico. Besides these rocks 
there are large areas of basaltic lavas with dikes and craters of 
Miocene age or later; and others of trachytie rocks which are not 
as old as the Laramie beds, since in some pl: ices they overlie these. 

Prof. Stevenson devotes many pages to the Laramie or Lignitic 
group, and follows his dese riptions with a discussion of its relations 
to the Cretaceous and Tertiary. New facts from the author's 
observations bearing on this disputed point, are brought forward, 
and the conclusion strongly urged that the formation is the true 
Upper Cretaceous. The close stratigraphical relations to the 
Upper Cretaceous and the similarity in the presence of lignitic 
beds are facts now generally admitted. But Professor Stevenson 
observes, beyond this, that while the Laramie is largely brackish- 
water and fresh-water in origin, as usually stated, typical fossils 
of the Cretaceous of the Fox Hills group (the upper Creta- 
ceous of Hayden), are occasionally obtained, as at Evans and 
Greeley, as well as along Saint Vrains and Thompson Creeks in 
Colorado, from the very summit of the Laramie. The query 
arising here is whether the beds with the Fox Hills fossils are not 
distinctively of the Fox Hills group. Professor Stevenson’s 
Report after treating with much detail of the topography, dis- 
placements and stratigraphy of the region, including a section on 
the glacial phenomena of the region, closes with a chapter on its 
Economic geology. An early and important chapter reviews the 
labors of other investigators over the region of his own work. 

Dr. C. A, White’s Appendix on the C ‘arboniferous Invertebrate 
fossils, contains notes on a large number of species collected by 
the expedition i in 1877 and 1878, and by Professor Cope in 1874. 
They are from New Mexico, and represent, according to Dr. 
White, rather the U pper part of the Coal Measures than the Middle 
or Lower. He states that nearly 100 species are identical with 
species found in the Coal Measures east of the Mississippi. A 
species of Rotella here described, R. verrveulifera White, is the 
first of this genus yet recognized from the Carboniferous. The 
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previously described species of the genus are mostly, if not wholly, 
Tertiary and recent. 

4. Manual of the Geology of India: Part TI], Economie 
Geology, by V. M.A., F.R.S., Officiating Deputy Superin- 
tendent Geological Survey of India. 664 pp. Royal 8vo, with 
maps and plates. Caleutta, 1881. (Office of the Geol. Survey of 
India: London, Triibuer & Co. )—The Parts I and II of this very 
valuable manual, by H. B. Mepuicorr and W. T. Bianrorp, 
were noticed in volume xix of this Journal (1880). The last 
Part, by Professor Baty, is devoted to the economical branch of 
the subject. This large volume is full of important matter on the 
metals and metallic ores, precious stones, coals, graphite, petro- 
Jeum, amber, salt, and other useful materials, afforded by the rock 
formations of India, The history of the mining operations and 
discoveries in connection with each product from early time has 
been worked up, and a large amount of curious and valuable half- 
lost information brought together, the gathering of which from 
scattered records cost the author great research. The native 
processes are described in detail and illustrated by sketches of 
the workmen at their work, some of which are entertaining as 
well as instructive. Among the maps one is a large and beautiful 
topographical map of India; another, similar, illustrates the dis- 
tribution of the coal mines; and others represent the diamond- 
bearing districts. 

The volume is history, science and popular description com- 
bined. As the Superintendent of the Geological Survey of India, 
Mr. Medlicott, says in his preface, “The student as well as the 
man of enterprise will long owe the ‘author gratitude for the great 
store of facts thus brought within easy reference.” 

Report of Progress of the Geological Survey of Canada 
for 1879-80, ALFreD R, C. Setwyn, Director, Montreal, 1881.— 
The Canada Geological Reports always contain facts of wide 
geological bearing, and for the special reason that the region 
under investigation is of great extent and diversity, although 
the corps of observers is small. This new volume, after a review 
of the general results by Mr, Selwyn, the Director, has a chapter 
by the same on boring operations in the Souris River Valley, 
near the Riviere des Lacs, 229 miles west of Red River. Next 
follows a Report on the Lignite Tertiary formation from the 
Souris River to the 108th meridian, by G, M. Dawson, in contin- 
uation of that by the same authorin his Report on the Geology 
of the 49th parallel connected with the Reports of the Boundary 
Commission, Thirteen analyses of the lignites give for the 
average, 41°10 fixed carbon, 41°41 volatile combustible matter, 
5°55 ash, with 12 per cent of water. The clay iron-stones accom- 
panying in thin layers the coal beds, contain the iron mainly 
as carbonate. The next paper, by Dr. ‘Dawson, on the plants of 
the Lignite Tertiary of Roche Percée, Souris tiver, describes 
leaves ‘14 feet long and broad of Platanus nobilis Newberry, a 
new Sassafras, S. Selryni, Taxites Occidentalis Newberry, 
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Olriki, of Heer, who has described it from Alaska, Greenland and 
: Spitzbergen. After these there are: a Report by G. M. Dawson 
on an sm patiopseg from Port Simpson, on the Pacific coast, to 
. Edmonton, on the Saskatchewan; on Hudson’s Bay, and some of 
the lakes and rivers lying to the west of it, by R. ‘Bett, contain- 
ing also a paper on the northern limits of trees in Canada, east of 
the R ocky Mountains, a list of fossils collected by Dr. Bell in 
Manitoba, by J. F. Whiteaves, and other papers; also Report on 
New Brunswick, by R. W. Extrts; on Nova Scotia, by H. 
Fierener; on the Magdalen Ids., by J. Ricnarpson, and chem- 
ical contribution to the survey, by G. C. Hofmann. The volume 
is illustrated by many maps, plates and sections, 

6. The Fierie Islands.—Professor James Geikie has a paper on 
the geology of the Frerée Islands in the Transactions of the Royal 
Society of Edinburgh for 1882. The principal rocks are bedded 
basalts with intercalations of tufas, and in Myggen:es and Suderée 
of shale and coal. The basalt, with the shale and coal, are re- 
ferred to the Miocene, The basalt of Suderée is mainly a chryso- 
litic dolerite, mostly fine-grained and rarely porphyritic; a bed 
sometimes has above a scoriaceous crust, or passes into a jumbled 
mass of fragments of scoria. The same rock on the northern 
islands, unless amygdaloidal, is more coarse grained and porphy- 
ritic ; Dut amygdaloidal and non-amygdaloidal areas frequently 
alternate in more or less regular beds parallel to the bedding. 
The thickness of the basalts is stated to be 9,000 to 10,000 feet 
above the coal and 4,000 feet below the coal. “The islands are 
glaciated, showing scratches and roches moutonnees, and indicat- 
ing a movement for the most part to the southwest, but partly to 
the southeast. In the northern islands the thickness of the ice 
was 2,200 or 2,300 feet, and at least 1,400 on Suderde; and judg- 
ing from this thickness, the glacier probably reached out to the 
100-fathom line. 

7. Ammonites in the Tejon Group of California.—In a note 
on the Tejon Group of California, by A. Heilprin (Proce. Acad. N, 
Sci, Philad., 1882, 94), the Tertiary features of the fossils of the 
Tejon Group,—made the upper portion of the Cretaceous by Whit- 
ney, and also by Gabb—is remarked upon, and the occurrence in 
it of an Ammonite (A. jugalis Gabb) is mentioned as a case of 
the genus Ammonites extending into the Tertiary. 

This Ammonite was found by Gabb also in the underlying beds 
of undoubted Cretaceous age, called by Whitney the Martinez 
group (Rep. Pal. Calif., vol. ii, p. 134). The writer, in his Geol- 
ogy (p. 458), recognizes vay Tertiary features of the fossils de- 
scribed by Gabb, and to show it gives a complete list of the spe- 
cies (p. 508); but at the same time suggests that the beds are 
the equivalent of the Laramie or Lignitic beds, which also are 
| strikingly Tertiary in the mollusks, though most geologists now 
| make them the top of the Cretaceous, The Tejon group is the 
only lignitie portion of the California Cretaceous, J.D. D. 
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8. Paleontology of the Brazilian Geological Survey.— A \et- 
ter to the editors from Dr. C. A. White states that he has finished 
two “Contributions for the Brazilian Survey, on the Cretaceous 
Conchifers and the Cephalopods, leaving the Gasteropods | yet to be 
studied.” He has found a new species of the genus Meckia of Gabb, 
which he has named Meekia commemorata, in commemoration of 
the able and greatly esteemed American paleontologist, Mr. Meek. 

9. Geological Sketches at Home and Abroad, by ArcurpaLp 

Geiktik£, Director General of the Geological Surveys of the Uni- 
ted Kingdom. 332 pp., with illustrations. 1882.. London and 
New York. (Macmillan & Co.)—Geological descriptions, illus- 
trating well the keen eye of the author as well as the “ restless 
energy of nature,” landscape sketches almost as living as nature 
herself, fragments of entertaining history, and amusing incidents 
of travel, are combined in these collected essays of the accom- 
lished author in a manner fitted to attract all readers, The 
**Old Man of Hoy” is an account of British sea-coast scenery, 
and the various work of the waves among different kinds of rocks ; 
“The Baron’s Stone of Killochan” discourses about bowlders, 
glaciers, and the delightful scenes of a region within sight of the 
Firth of Clyde. And similarly, the chapters, “Among the Volea- 
noes of Central France,” “the Old Glaciers of Norway and Scot- 
tand,” “A Fragment of Primeval Europe,” “The Scottish School 
of Geology,” “ Geographical Evolution,” and others in the work 
put instruction in an attractive form. Some of the best chapters 
are those entitled, “Tn Wyoming,” and “the Geysers of the 
Yellowstone ”—regions visited by Professor Geikie in the sum- 
mer of 1880, Another also, “the Lava-fields of Northwestern 
Europe,” brings in American facts, and in a way to illustrate, 
most effectively, phenomena of Britain and Europe, as already 
shown to the readers of this Journal by an extract in volume xxi 
(1880, p. 145). Science, throughout the work, is made the genial, 
amusing and knowing companion of the reader. 

10. Columbite, Or thite and Monazite Srom Amelia Co., Virginia, 
—The description by Prof. DuNNinGron of microlite from Amelia 
Co., Va., has been noticed in this Journal (xxii, 82,1881). The 
same author has recently further investigated the other minerals 
of the locality. The co/umbite had a red color in thin splinters. 
H.=5°5. G.=6748. Analysis gave: 

Ta,O; Cb,0, SnO, FeO MnO CaO Yo0,(?) 
84°81 507 8:05 1:27 0:20 0-82=100-22 


The author remarks upon the high specific gravity, the unu- 
sually large percentage of MnO as probably accounting for the 
“a color, ‘and calculates the ratio of Ta,O,: Cb, O, to De nearly 
1:1; he, however, overlooks the fact that a translucent colum- 
aa with G.=6° 59, has been described from Branchville, Ct., 
which contained only MnO (15°58 p. ¢., 0°43 FeO) and had clusely 
the ratio of 1:1 for the metallic ac ids (G. J. Brush and E. 5 
Dana, this Journal, xvi, 34, and Comstock, xix, 131). 
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Orthite occurs in imperfect blade-like crystals several inches in 
length. An analysis gave: SiO, 82°35, Al,O, 16-42, Fe,O, 4:49, 
Ce, 11°14, 3°47, Di, O, 6-91, FeO” 10°48, MnO 12, CaO 
11 47, *K, O,N va,O 0° 46, H,O 2 2 31==100° 62. Monazite also occurs 
at the same locality in masses of large size (up to 20 pounds) as 
previously shown by Konig (Proe. Ac. Nat. Soc. Phil., Jan. 24, 
1882), The analysis by Dunnington shows the presence of 18°6 
| »¢. ThO, and 2°7 SiO,, and he remarks that these constituents may 
q @ present in the form ‘of orangite ; excluding them, the mineral is 
a normal — of didymium, cerium and lanthanum.—A mer. 
i Chem. Journ., iv, 138. 

11. On the atanuie of heat as determined by the erystalline 
: structure of minerals and by the schistose structure of rocks,—M. 
i JANNETTAZ has undertaken a series of experiments in the line so 
| successfully followed by Senarmont, and has obtained some new 
and interesting results. In regard to the propagation of heat in 
crystalline minerals, he finds, for example, that this depends upon 
the cleavage, taking place less readily in the direction of a normal 
to the plane of cleavage, than in a direction parallel to it. This 
distinetion, however, does not apply to pseudo-cleavages, or in 
other words, to the |: imellar structure 1 ‘esembling cleavage : observed 
in some minerals, for example, sahlite. The author finds also that 
the relative orientation of the major and minor axes of the isother- 
mal ellipsoid is characteristic for each group of minerals, e. g. the 
amphiboles, and differentiates Ay group from others. In experi- 
menting with various rocks, M. Jannettaz has shown that true 
stratification is without Sue on the propagation of heat, but 
that in schistose rocks (when the schistosity is due to lateral pres- 
sure), it takes place more readily in a direction parallel than in one 
to the plane of schistosity. 

Mitwanukee Clays and Bricks.—The following are analyses 
by ‘Vir. E. T. Sweer of (1) the Milwaukee clay that produces “the 
buff-colored brick; (2) of a clay from Madison, Wisconsin, which 
burns red; and (3), of the Milwaukee brick. 


Carbonate of lime,.........-... 


Carbonate of magnesia. 15°83 ‘17 MgO 7-41 
Water in composition 1°85 2°16 


99°94 


99°85 $9°56 


Mr. Sweet suggests that the ingredients of the clay enter into 
a combination somewhat analogous to some members of the 
amphibole group. 
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q of iron 2°84 3°53 4°92 
23°20 2°45 
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12. Sammlung von Mikrophotographien zur Veranschaulich- 
ung der mikroskopischen Structur von Mineralien und Gesteine 
ausgewihlt von E, Conen, aufgenommen von J. Grimm in Offen- 
burg g. Stuttgart, 1881-82 (E. Schweizerbart’sche V erlagshand- 
lung). —This work consists of a series of quarto plates illustrating 
the various points of interest in connection with the microscopic 
structure of minerals and rocks. Five parts have thus far been 
published, including forty plates, each giving four distinct photo- 
graphs. The plates already issued cover a wide range of subjects, 
including the inclosures in minerals, as crystallites, microlites, 
glass inclosures, inclosures of fluids and gases; showing also 
their arrangement in crystals ; cleavage; all the varieties of struc- 
ture, fibrous, zonal, contretionary, ete.; the figures produced by 
etchings, by a blow or by pressure; also various optical phenom- 
ena, anomalous double-refraction and so on. The execution of 
the plates is worthy of the highest praise. Dr. Cohen deserves 
the thanks of all interested in studying or teaching this branch of 
mineralogy and lithology, for editing this invaluable work. 

13. Occurrence of Vivianite in Los Angeles County, Cali- 
fornia.—Mr. Henry G. Hanks states that vivianite occurs with 
asphaltum at the Brea Ranch, Los Angeles County, California. 
The mass examined was a dark-colored earthy mineral, with 
streaks and veins of asphaltic substance, the whole being evi- 
dently the sandy desert soil blown over and cemented by the for- 
merly liquid asphaltum, The vivianite is in small inclosed nod- 
ules, never larger than a pea and generally smaller. The mineral 
is that v ariety known as blue iron earth or native Prussian blue. It 
is soft, pulverulent; under the microscope it is erypto-crystalline. 

14. Helwite Trom Virginia.—The rare mineral helvite has 
been identified by Professor H. C. Lewis among some minerals 
brought from the mica mine near Amelia Court House, Amelia 
County, Virginia. This is the locality which has furnished the 
large specimens of microlite (xxii, 82), and also monazite, orthite, 
etc. (see 10 above). The helvite occurs in crystals and friable erys- 
talline masses imbedded in orthoclase, and generally associated 
with pale red topazolite. Its characters are: hardness about 6, 
specific gravity 4°306, color sulphur yellow, luster somewhat res- 
inous, translucent. An analysis by R. Haines afforded (1); after 
the deduction of the gangue and the calculation of a portion of 
the MnO as Mn combined as Mn, the results in (2) are obtained: 


SiO, BeO MnO Fe.0; CaO K.O Na,O S_ gangue 
23°10 11°47 45°38 268 2°05 064 039 0°92 4:50 9°22=100°35 
25°48 12°63 39°07 2°95 226 O71 O43 1°01 4°96 Mn866= 98:16 


The author remarks that the last analysis does not correspond 
with the original helvite, which has 33 per cent SiO,, so that a 
further investigation is to be desired.— Proc. Ae. "Nat. Sei. 
Philad., 1882, 100, 

Nickel ore in Oregon.—It is announced that a deposit of 
a hydrated silicate of nickel and magnesia has been discovered on 
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Piney Mountain, Cow Creek, Douglas County, in southern Ore- 
gon. The mineral is amorphous, “has an apple- green color; two 
varieties analyzed afforded 24 and 30 per cent of nickel ‘oxide 
respectively, and 48 and 40 per cent of silica, In mineralogical 
character and in mode of occurrence the nickel silicate is closely 
related to the garnierite (and noumeite) of New Caledonia. 

16. Corundum Jrom Lehigh County, Penn.—The occurrence 
of large crystals of corundum near Shimersville, Lehigh ¢ County, 
Penn., is described by Edgar F, Smith and N. Wiley Thomas. 
The erystals have been found loose in the soil, thrown out in 
plowing. The largest crystal had a length of eight inches and a 
diameter of four and a half inches; another crystal, in the form 
of a double pyramid, had a length of five and a half inches and 
weighed over five pounds. A considerable number of smaller 
well-defined crystals have also been obtained.—Am, Phil. Soe. 
Philad., March 17, 1882. 


Ill. Borany AND ZooLoGy. 


1. Our Native Ferns and their Allies; by Lucten M. UNpdEr- 
woop, Ph.D., Professor of Geology and Bot: any in the Illinois 
Wesleyan University. 5 loomington, IIL, 1882. 134 pp. 
—This is a second and enlarged edition of a former work by the 
same author. “Our Native Ferns and how to Study them” in- 
cluded ferns only: the present volume has the remaining orders 
of fern-like plants. The work has nine chapters devoted to the 
habits, structure, physiology, description, literature and study of 
the plants, taking up nearly half the volume; and then follows 
the systematic and dese riptive part, concluding with a well- 
ordered index and glossary. The work contains about  thirty- 
seven illustrative figures, many of them from the author’s own 
pencil, The subject is well-arr: anged, and concisely but sufficiently 
developed and explained, in the nine chapters, which taken to- 
gether form a very useful introduction to the study of this class 
of plants. The genera and species are mostly arranged in accord- 
ance with the authorities which the author refers to; as well as 
most of the carefully worded descriptions and the statements of 
the geographical ranges. The species of ferns, including Ophio- 
glosscarw, are 156, of the other orders, 55, making 211 recognized 
species of Pteridophyta, or Vascular Acrogens. 

The price of the work is so low that no one need longer refrain 
from the study of these interesting plants on account of the cost 
of the needed literature, D, C, EATON, 

New Haven, July 10, 1882. 

2. Europas och Nord Amerikas Huitmossor; i. e. European 
and North American Peat-mosses (Sphagna); by 8. O. Linpuerc. 
Helsingfors. 1882. Pp. 88 and xxxviii, qtiarto.—Following 
upon Dr. Braithwaite’s monograph of Sphagnum, comes this 
now from Professor Lindberg, with a copious morphological in- 
troduction. The twenty-one species are arranged under the three 
sections, Eusphagnum (which includes the groups, Palustria, 
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Subsecunda, Compacta and Cuspidata), Isocladus (for S. macro- 
phyllum), and Hemitheca for 8. Pylaiei and 8. cyclophyllumy) ; 
the ample characters are in Latin, and the synonymy is very full, 
—that of S. euspidatum, for ex ample, fills four pages. There is 
a complete index to the synonymous names, Although arranged 
primarily for Scandinavian use, the treatise will be w velcomed * by 
all bryologists. A. G. 

3. Nomenclator Zoologicus, by Samver H. Scupper. Part 
I. Supplemental list. 376 pp. 8vo. 1882. Bulletin of the U.S, 
Nat. Mus. Dept. of the Interior. Published under the direction 
of the Smithsonian Institution.—Mr. Scudder, in Part I of his 
Nomenclator, has given to zoologists, as the result of an immense 
amount of personal labor and assistance from many zoologists, a 
supplement to Agassiz’s Nomenclator, making it to include all 
generic names employed in Zoology and Paleontology to the close 
of the year 1879, which are not contained or not correctly given in 
the works of Agassiz and Marschall, or in the Zoological “Record 
Indexes. It contains 15,939 entries of genera, and besides these 
the genera of the Zoological Record for 1878 and 1879, and those 
of the Zoologischer Jahresbericht for 1879, References to places 
of first publication and derivations are also given. 

The preface states that Part IT, or the “ Universal Index,” con- 
tains about 80,000 references and includes the generic names in 
all previous lists. It gives the name of the genus (including also, 
in italies, such family or higher names as appear in Agassiz’s 
Nomenelator or the author’s s Supplemental List); 2d. The authorit 
3d. The group; 4th. The date; and 5th, the reference to the 
Nomenelators. It is also announced that Decennial Supplements 
will hereafter be issued by the Smithsonian Institution, the first to 
include the additions for the years 1880-1889, The Smithsonian 
Institution by these publications is doing great service to natural 
science throughout the world. 

4. Synopsis of the Fresh-water Rhizopods.— A condensed 
account of the genera and species, founded upon Professor Joseph 
Leidy’s ‘ Fresh-water Rhizopods of North America,” Compiled 
by Romyn Hrrencock, Pres. N. Y. Microscopical Society. 58 
ye. 8vo, with four plates. 1881. New York (Romyn Hitchcock). 

his is a convenient hand-book for all who would take up the 
examination or study of fresh-water Rhizopods, especially if they 
have not already the large and copiously illustrated work on the 
subject by Professor Leidy. This bottom branch of zoology is a 
fertile field for the capable embryological investigator. 


IV. MisceLLANEOusS SCIENTIFIC INTELLIGENCE. 


1. American Association.—The circular of the Local Com- 
mittee of the meeting at Montreal of August 23, states the fol- 
lowing with regard to reduced rates of fare on railroads and 
steamboats. 

The Grand Trunk, the Great Western, the Intercolonial, the 
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Quebec, Montreal, Ottawa and Occidental, the South Eastern and 
the Canada Pacific Railroads, the Richelieu and Ontario, the Ot- 
tawa and the St. Lawrence (Steamboat) Navigation Companies, 
will give tickets at half-rate for a single journey or at a single fare 
for going and returning over their lines. The steamboats of the 
latter company make daily trips down the St. Lawrence to Mon- 
treal, shooting the rapids, and connect at Clayton, above the 
Thousand Islands, with night-trains by the New York Central R. R. 
from Niagara Falls. 

The Delaware and Hudson and the Central Vermont Railroads 
give tickets over their lines to go and return, at a single fare, the 
tickets on the two lines being interchangeable between Montreal 
and New York city. Negotiations are pending which, it is hoped, 
will secure similar arrangements with other railroad lines to the 
south and west. ‘Those members whom this matter m: ay concern 
will please address inquiries to one of the Honorary Secretaries 
at Montreal. Tickets at the above-mentioned rates, good for 
going and returning from August 10th to September 10th, will be 
furnished to persons presenting a certificate of membership of the 
Association for 1882, The following list of some principal points 
on the above-mentioned railroad lines in the United States may 
serve as a guide to members: Albany, Binghamton, Boston, 
Chicago, Detroit, New York, Portland, Providence, Saratoga, 
Springfield, Troy, Worcester. 

There will be excursions to Ottawa and Quebec by the Quebec, 
Montreal, Ottawa and Occidental R. R.; to Lake Memphremagog 
by the South Eastern R.R.; ., and also one to Lachine by the Grand 
Trunk R. R.; which will be given by these lines free of charge. 

Through the liberality of the Western Union and the Great 
North Western T elegraph Companies, telegraphic messages 
relating to family, social or scientific matters, will be sent from 
Montreal during the meeting, for members of the Association, 
free of charge, to all parts of ‘the United States and Canada. 

The Canadian, the National, and the United States and Can- 
ada Express Companies will undertake to forward and deliver 
promptly, free of charge, all parcels of books, drawings, instru- 
ments, or specimens of natural history for the use of members of 
the Association at the Montreal meeting, and will return the 
-same at the lowest rates. The parcels should be addressed to the 
“Care of Professor Bovey, A. A. A. S8., McGill College, Mon- 
treal,” and should have their contents marked on the outside. 
By the courtesy of the Collector of Customs such objects will be 
admitted from the United States free of duty. 

Letters to members after August 15th should be addressed 
A. A. A. 8., Montreal, Canada. All enquiries respecting lodg- 
ings should be addressed to Mr. J. Bemrose, Secretary Nat. Hist. 
Soc., Montreal. Rates per day at Hotels: Richelieu, American 
and Albion, $1.50; St. James and Canada, $1.50 to $2.00; St. 
Lawrence Hall, $2.50 to $3.50; Windsor, $3.50 to $5.00. 

The sessions, beginning August 23, at 10 a. M., will be held in 
the buildings of McGill University. 


| 

i 

| 

| 

| 

| 
q 

a 
| 
| 
| 
| 


Obituary. 159 


2, Darwin Memorial Fund—The following persons have con- 
sented to act with the English Executive Committee in contribu- 
ting and collecting funds for the Darwin Memorial: Asa Gray, 
Chairman; Spencer F. Baird, James D. Dana, Charles W. Eliot, 
D. C. Gilman, James Hall, Joseph LeConte, Joseph Leidy, O. C. 
Marsh, 8. Weir Mitchell, Simon Newcomb, Charles Eliot Norton, 
Francis A. Walker, Theodore D. Woolsey, and Alexander Agassiz, 
Treasurer, 

Subscriptions should be sent to Alexander Agassiz, Cambridge, 
Mass. 

The Atheneum of July 8th states that the Darwin Memorial 
fund, which had already amounted in England to very nearly 
£2500, will take the form of a marble statue, and that the Trus- 
tees of the British Museum will be asked to place the statue in 
the large hall of the Museum (Natural History), at South Ken- 
sington. 

3. Transactions of the Connecticut Academy of Arts and Sei- 
ences. —V olume iv, pt. 2, contains: Some interesting new Diptera 
by S. W. Williston; on the species of Pinnixa inhabiting the New 
England coast with remarks on their early stages, by S. I. Smith ; 
occasional occurrence of tropical and sub-tropical Decapod Crus- 
taceans on the coast of New England, by 8. 1. Smith; on the 
Amphipodus genera, Cerapus, Unciola and Lepidactylis described 
by Thomas Say, by 8. L Smith, with plate 24; New England 
Annelida, pt. 1, historical sketch with annotated lists of the species 
hitherto recorded, by A. E, Verrill, with plates 3-12; the North 
American species of Conops, by 8. W. Williston. Vol. v, pt. 2, 
consists of a paper by A. E. Verrill, on the Cephalopods of the 
north-eastern coast of America, with plates 26-41, 45-56 ; and Cata- 
logue of the Marine Mollusea added to the Fauna of the New 
England region during the past ten years, by the same, with plates 
42-44, 57, 58. 


OBITUARY. 


Dr. Grorce W. Hawes, Curator of the Geological Department 
of the National Museum at Washington, died on the twenty-sec- 
ond of June last, at Manitou Springs, Colorada, Dr. Hawes was 
born December 31, 1848, at Marion, Ind. His parents died when 
he was very young and his early life was spent at Worcester, 
Mass. In 1865 he entered the Sheftield Scientific School in New 
Haven, and remained there until the end of his Junior year (1867) 
when he left to go into business in Boston. His natural taste for 
scientific pursuits, however, was too strong to allow of his being 
satisfied with such a life, and after trying this for four years, he 
returned to New Haven and was graduated at the Scientific 
School with the class of 1872, During the college year of 1872- 
73 he was private assistant to Professor Johnson in his chemical 
laboratory, and from 1873 to 1878 he filled with marked success 
the position of assistant and instructor in mineralogy and blow- 
pipe analysis, in the Scientific School. In March 1878 he went 
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abroad and studied through the summer semester at Breslau with 
Professor A. von L: asaulx, devoting himself especially to micro- 
scopic lithology. On returning to New Haven he resumed his 
former position as instructor, and retained it until the following 
spring, when he again went abroad for further study. From 

arch 1879 to June 1880, he was a student of mineralogy and 
crystallography at Bonn w ith Professor vom Rath, and of lithol- 
ogy at Heidelberg with Professor Rosenbusch. At the comple- 
tion of his studies in Heidelberg he took there the degree of 
Doctor of Philosophy. He returned once more to his old place 
and duties in New Haven. But at the end of the year (1880) he 
accepted the position of Director of the Geological Department of 
the National Museum at Washington, which he held up to the 
time of his death. During the first half of the year of 1881, Mr. 
Hawes, besides carrying on his labors in connection with the 
Museum, was engaged on a special study of the building stones of 
the country, undertaken under the auspices of the U. 8S. Census. 
His interest in this work led him to overtax his strength, and 
before the close of the year it became evident to his friends that 
consumption had taken a strong hold of him; and in some nine 
months after the disease was first distinetly recognized, it had 
done its work. 

The death of Dr. Hawes takes from the ranks of the younger 
scientific workers in the country one of the most gifted and prom- 
ising. By years of patient study, urged forward by his own love 
of science, not by influences from outside, he had fitted himself to 
do the very best work in the subjects to which he had devoted 
himself. It is occasion for the deepest regret that so useful a life 
should be cut off thus prematurely. During the years of his resi- 
dence in New Haven, br. Hawes published some twenty memoirs 
on various subjects connected with mineralogy and lithology. 
In 1878 he wrote a report on the mineralogy and lithology of New 
Hampshire, published as Part iv of the Geology of New Hamp- 
shire. This report covered 251 pages (4to) with twelve plates, 
and forms his most important contribution to science; it contains 
the results of extensive field work, as well as the microscopic ex- 
amination of several hundred thin sections of rocks. It is through- 
out an excellent work and shows the careful painstaking way in 
which he carried out all that he undertook. Dr. Hawes’s investi- 
gation of the building stones of the country, already alluded to, 

ras a work in which he felt great interest, and which promised 
to yield most valuable results; unfortunately he was not allowed 
to carry it to completion. 

Of the private character of Dr. Hawes this is hardly the place 
to speak. Though possessed of but few near family relatives, he 
had a singular power of winning personal friends, so that he 
leaves a wide circle to mourn his death. His purity and modesty 
of character, earnestness and uprightness of purpose, and unselfish 
interest in others will be long remembered by those who knew 
him well. 
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